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INTRODUCTION 
GENERAL STATEMENT 
The West Range Limestone and Pilot Shale have been the subject of 
many articles. The first description of the West Range Limestone was 
published by Westgate and Knopf (1932) and later Merriam (1940) revisited 
the area and published a separate description of the formation. The West 
Range Limestone and Pilot Shale were the subject of several studies in the 
1960's, including: Kellogg, 1960 and 1963; Langenheim, Hill, and Waines, 
1960; Gordon, O'Brien, and Langenheim, 1966; and Reso, 1959 and 1963. 
These studies were focused primarily on mapping, lithology, stratigraphy, 
and biostratigraphy of these formations and in particular the location of the 
Devonian-Mississippian boundary. Work by Sandberg and Poole (1977) and 
by Sandberg, Poole, and Johnson (1989) has established a detail 
biostratigraphic framework of the West Range Limestone and Pilot Shale at 
Bactrian Mountain, Pahranagat Range, using Upper Devonian conodont 
zones (Sandberg and Ziegler, 1973). The paleontology of these formations 
has only been briefly described (Johnson and Reso, 1966; Johnson, Reso, 
and Stephens, 1969; Niebuhr, 1980). 
The primarily focus of this study is on the brachiopods and brachiopod 
faunas of the West Range Limestone and Pilot Shale. Three brachiopod-2 
dominated communities in the West Range Limestone and Pilot Shale are 
recognized and examined. These communities are found throughout the 
study area. The Cyrtospirifer dutchjohnense-Procerispirifer keleticus 
Community (Cd-Pk Community) is the oldest fauna and the most diverse with 
eight genera. It occurs in a silty to sandy limestone. A faunal list was given for 
this brachiopod community by Kellogg (1963) and Johnson, Reso, and 
Stephens (1969). The second brachiopod-dominated community recognized 
in the West Range Limestone is the Crinisarina reticulate Community. The 
brachiopod fauna of the Crinisarina reticulate Community was described by 
Johnson, Reso, and Stephens (1969); the brachiopods in this community 
occur in an argillaceous limestone interbedded with mudstone near the West 
Range Limestone and Pilot Shale contact. The Syringothyris Community is 
the youngest brachiopod community and least diverse. In this study area it 
occurs in the upper member of the Pilot Shale and has a very spotty 
occurrence. This community ranges from Upper Devonian to Lower 
Mississippian. A faunal list was given for this community by Kellogg (1963) 
and its brachiopods were described by Johnson and Reso (1966). It is 
possible to compare and correlate these brachiopod communities at different 
localities and use them as first approximation biostratigraphic and 
paleoecology tools throughout the study area. 
PURPOSE 
The purpose of this research is to identify brachiopod-dominated 
communities in the West Range Limestone that occur at several different 3 
localities, but in the same vertical section of strata. These brachiopod 
communities are also studied to see how they change not only with time, but 
also as their sedimentary marine environment changes. Studying the fossils 
and the sedimentary rocks in which they are found also provides some idea 
of their paleoecology and their paleobiology. Using this information, it is 
possible to develop a facies-tract model of how the fossil brachiopod 
communities change as lithofacies change. 
This research demonstrates a change in fossil brachiopod 
communities while inhabiting these changing depositional environments. 
Change in the environment is recorded in a vertical sequence of strata as 
different depositional environments deposit varying types of carbonate and 
siliciclastic sediments. The Cd-Pk Community occurs in a silty, sandy 
limestone with a few interbedded pelmicrites, while the Crinisarina reticulate 
Community occurs in a silty, clay-choked limestone interbedded with silt and 
mudstone. 
Community composition and, therefore, communities themselves 
would be expected to change as environment changes. These changes in 
fossil communities will occur in a predictable manner, according to Walther's 
Law of the correlation of biotopes (Middleton, 1973). An example of this 
would be a shallow-water community being replaced by a deep-water 
community in a transgression or onlap sequence. This is exactly what is 
observed in the West Range Limestone as the Cd-Pk Community is replaced 
by the Crinisarina reticulate Community during a minor transgression in the 
Famennian, eustatic and epeirogenic event 11 and 12 (Sandberg, Poole, 
and Johnson, 1989). 4 
The three brachiopod communities in this study all occur in different 
lithofacies and this change in lithofacies and corresponding change in 
brachiopod communities occur over the entire exposure of the West Range 
Limestone examined. These brachiopod communities along with their 
lithofacies and with conodont biofacies can be used as a paleoecological 
indicators. These communities also correlate with conodont biostratigraphic 
zones and therefore can be used to determine stratigraphic position within 
the West Range Limestone. The understanding of fossil brachiopod-
dominated communities and their relationship to lithology will help develop 
better ways of correlating similar fossil brachiopod communities with  each 
other and their corresponding rock units. 
LOCATION AND ACCESSIBILITY 
All seven measured sections are located in Lincoln and Nye County in 
east-central Nevada (Figs. 1, 2, and appendix A). Nevada highways 375  and 
318 provide access to the western measured sections and U. S. highway 93 
provides access to the eastern sites. All sites were reached by small 
unpaved roads branching off the main highway. Many of these unpaved 
roads and trails were badly rutted and washed out. A high clearance vehicle 
was needed. Discussions with state park rangers and the Bureau of Land 
Management office in Caliente for road conditions were useful. 5 
LOCATION AND NAMES OF STUDY SITES. 
All UTM coordinates are in zone 11. The UTM coordinates describe a 
1 kilometer by 1 kilometer square in which the measured section is located. 
All quadrangles listed are United States Geological Survey 7.5 minute 
topographic maps (Appendix A). 
Alamo (AL)  Hancock Summit Nevada quad. 
Township and range: T6S R6OE section 29 
UTM: 4 139 000m N 4 140 000m N  0 653 000m E  0 655 000m E 
Bactrian Mountain (BM)  Mount Irish SE quad. 
Township and range: T5S R59E section 11 
UTM: 4 154 000m N 4 155 000m N  0 647 000m E - 0 648 000m E 
Fox Mountain (FM)  Timber Mtn Pass NE quad. 
Township and range: T4N R61E section 13 NW 1/4 NW 1/4 
UTM: 4 231 000m N 4 230 000m N  0 668 000m E  0 667 000m E 
Gap Mountain (GAP)  Gap Mountain quad. 
Township and range: T5N R61 E section 24 NE1/4 NE1/4 
UTM: 4 239 000m N 4 238 000m N  0 669 000m E 0 668 000m E 6 
Coyote Spring (CS)  Coyote Spring quad. 
Township and range: T2N R63E section 1 center 
UTM: 4 215 000m N - 4 214 000m N  0 688 000m E 0 689 000m E 
Sidehill Pass (SHP)  Sidehill Pass quad. and Sidehill Spring quad. 
Township and range: T6N R64E section 17 
UTM: 4 249 000m N - 4 250 000m N  0 691 000m E  0 692 000m E 
Dutch John Mountain (DJM)  Dutch John Mtn quad. 
Township and range: T7N R65E section 34 
UTM: 4 255 000m N 4 256 000m N  0 705 000m E 0 706 000m E 
PROCEDURE 
Field work for this project was carried out during the summer of 1992 
and two weeks in August 1993. Seven stratigraphic sections were measured: 
one in the Northern Pahroc Range, two in the Pahranagat Range, one in the 
Schell Creek Range, one in the Seaman Range, one in the southern end of 
the Egan Range, and one at Dutch John Mountain (Appendix A). All sections 
were across the West Range Limestone and the Pilot Shale with the Joana 
Limestone resting on top of the Pilot Shale and acting as a datum for all 
sections (Fig. 4). The sections were measured with a Jacob's staff, Abney 
level, and Brunton compass. Fossil collections were made wherever fossils 
were present. Rock samples were collected along with the fossils. Most 
fossils were calcareous and therefore the brachiopods and other 7 
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macrofossils were removed from the rock matrix manually or using a rock 
splitting machine. The remaining rock matrix and rock samples were then 
dissolved in formic acid and the conodonts were recovered by Claudia 
Regier and sent to the University of Iowa for identification by Dr. Gilbert 
Klapper. For several key samples a small hand sample was kept and a thin 
section made from it. These samples were studied petrographically. The 
brachiopods were serial sectioned by Claudia Regier and these sections 
were used as identification aides. 10 
PREVIOUS WORK 
INTRODUCTION 
Work on the West Range Limestone and Pilot Shale can be divided 
into three parts based on location: work in the south (the Pahranagat Range), 
work in the west (the Seaman Range and the southern tip of the Egan 
Range), and work in the northeast (the Egan Range, Schell Creek Range, 
West Range, and Dutch John Mountain). There has been little synthesis that 
involved all these areas in a single paper, although Sandberg and Poole 
(1973) and Sandberg, Poole, and Johnson (1989) provide a broad overview 
of Late Devonian events in the Western United States. 
THE PAHRANAGAT RANGE 
Devonian System in the Pahranagat Range. Southeastern Nevada 
(Reso and Croneis, 1959) and Composite Columnar Section of Exposed 
Paleozoic and Cenozoic Rocks in the Pahranagat Range, Lincoln County, 
Nevada (Reso, 1963) 
The first paper includes two measured sections of Devonian strata. 
The sections were measured in the Pahranagat Range 4 miles south of 
Highway 25, now Highway 375. The western section, location A, did not 
contain the West Range Limestone, but did contain part of the Pilot Shale. 11 
The eastern section, location B, contained both units. Location B is close to 
the measured section Alamo, but Alamo is two to three miles south of 
location B. The West Range Limestone is 410ft (125m) thick and the Pilot 
Shale is 460ft (140m) thick at location B. The West Range Limestone is 
described as having a "prolific upper Devonian brachiopod fauna." The first 
16ft (5m) to 50ft (15m) of the Pilot Shale is described as having "disc shape 
and rounded limestone concretions." It is also noted that the Pilot Shale is 
overlain by an early Mississippian section. 
In the second paper, Reso described the West Range Limestone on 
the east side of the Pahranagat Range as an "interbedded resistant to 
nonresistant calcisiltite to calcilutite," with thin, discontinuous bedding. It 
ranges in thickness from 40ft (12m) to 390ft (119m), thickening to the south. 
Again, the West Range Limestone is reported to contain "a prolific well-
preserved late Upper Devonian fauna." This fauna is reported to correlate 
with the Cyrtospirifer Zone of the upper Devils Gate Limestone in central 
Nevada (Merriam, 1940, p. 61). 
The lower part of the Pilot Shale is described as a "yellowish-orange 
calcareous shale, shaly calcisiltite, and some poorly sorted sandstones and 
siltstones." The middle and upper part of the Pilot Shale are reported to 
"consist of platy calcisiltite to fissile calcareous shale with numerous 1-4ft 
(0.3-1.2m) ledges of laminated chert." In the upper 16-60ft (5-18m) the Pilot 
Shale consists of a black shale with calcareous concretions. The Pilot Shale 
thickens southward and reaches a maximum thickness of 460ft (140m) with 
fossils being rare. A coral, Neozaphrentis? sp., is found in several Pilot Shale 
localities just outside this study area. 12 
The Devonian-Mississippian boundary is believed to be conformable 
between the Pilot Shale and the Joana Limestone, on the east side of the 
Pahranagat Range. On the west side it was thought (Reso and Croneis, 
1959) that the Joana Limestone rested on the upper Pilot Shale with an 
unconformity present in the Pilot Shale. However, Langenheim (1961, written 
communication to Reso) suggested that this is a remnant of the lower Pilot 
Shale and that the Joana Limestone rests unconformably on top of this 
remnant. This would mean that there are two unconformities in this section; 
one to account for the loss of the upper Pilot Shale and another to account 
for the absence of the West Range Limestone, which is also missing in this 
section. A second possibility is that the Pilot Shale, in western sections, is a 
facies of the West Range Limestone or the Guilmette Formation. 
Brachiopods from the Pilot Shale (Devonian) in Southeastern Nevada 
(Johnson and Reso, 1966) 
In this paper a fossil collection is reported from a single yellowish-
brown siltstone bed, 240ft (73m) below the top of the Pilot Shale. This 
collection was found at Bactrian Mountain (section 11, T5S R59E), Lincoln 
County, Nevada. This fauna included: Rhipidomella sp. cf. R. missouriensis, 
Schuchertella sp. cf. S. lens, Retichonetes? sp., Orbinaria? sp., 
Sinotectirostrum? sp., Syringothyris sp., indet. spiriferid, indet. athyridid, 
Neozaphrentis? sp., lmitoceras sp., aff. Mourlonia, indet. gastropods, and 
indet. pelecypods. On the basis of the range of lmitoceras sp., and 
Syringothyris it is reported that the upper 240ft (73m) of the Pilot Shale at 13 
Bactrian Mountain is post Percha-Three Forks age or post Platyclymenia-
Stufe (House, 1962 p. 262). 
Late Upper Devonian Brachiopods from the West Range Limestone of 
Nevada (Johnson, Reso, and Stephens, 1969) 
This paper reports on the West Range Limestone fossil fauna 
collected at Bactrian Mountain. Two separate brachiopod assemblages are 
present in the West Range Limestone. The first was listed by Reso (1963, Pl. 
2) and is in the lower beds of the West Range Limestone. This fossil 
collection was reported to contain the following fossils: Cyrtiopsis sp. (large, 
elongate), Cyrtospirifer sp. cf. C. breviposticus Stainbrook, Cleiothyridina? 
sp., "Productella" sp., "Athyris angelica", and Schizophoria sp. The Cyrtiopsis 
sp. (large, elongate) was originally identified as Tenticospirifer keleticus by 
Reso (1963), but comparison with Crickmay's holotype showed that these 
were two distinct taxa. The fossils indicate a Famennian age. The other 
brachiopod fauna is located in the upper 30ft (9m) of the West Range 
Limestone and includes the following brachiopods: Schizophoria sp. 
(uncommon), Parapugnax bactrianense (new species), Evanescirostrum 
glabraventra (Stainbrook), indet rhynchonellid (uncommon), Cleiothyridina 
reticulata (Stainbrook), Cyrtospirifer breviposticus (Stainbrook), Crurithyris 
fissa (new species), Praewaagenoconcha sp. Conodonts recovered from the 
same beds included: Palmatolepis glabra glabra, Palmatolepis 
subperlobata, and Palmatolepis rhomboidea. These indicate that the fauna is 14 
referable to the lowermost part of Ziegler's rhomboidea Zone or the 
uppermost part of his crepida crepida Zone (Ziegler, 1962, p.18). 
Conodont Biostratigraphy and Depositional Complexes of Upper Devonian 
Cratonic-Platform and Continental-Shelf Rocks in the Western United States 
(Sandberg and Poole, 1977) and Upper Devonian of Western United States 
(Sandberg, Poole, and Johnson, 1989) 
In these papers the West Range Limestone and Pilot Shale at Bactrian 
Mountain are divided into 8 conodont zones based on 31 productive 
samples from a 112m (367.5ft) thick section (Fig. 3). The West Range 
Limestone is divided into the Middle Palmatolepis crepida Zone, the Upper 
Palmatolepis crepida Zone, Nevada (from Sandberg and Poole, 1977). 
the Lower Palmatolepis rhomboidea Zone, the Upper Palmatolepis 
rhomboidea Zone, and the Lower Palmatolepis marginifera Zone. The Pilot 
Shale is divided into the Lower Palmatolepis marginifera Zone, an unzoned 
interval, the Upper Polygnathus styriacus Zone (now the Lower expansa 
Zone), the Middle Bispathodus costatus Zone (now the Upper expansa 
Zone), and the Siphonodella praesulcata Zone. In Sandberg, Poole, and 
Johnson (1989) the West Range Limestone is described as a slope facies 
that was deposited, as an onlap sequence during a minor transgression, on 
top of the peritidal, sandy Guilmette Formation. 
Eustatic and epeirogenic events are listed and described for the 
Western United States including the entire depositional area of the West 15 
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Figure 3. West Range Limestone and Pilot Shale at Bactrian Mountain. 
Taken from Sandberg and Poole (1977). 16 
Range Limestone and Pilot Shale. Several minor transgressions are 
responsible for the deposition of the Pilot Shale and West Range Limestone 
during a regional Famennian regression. Event 11, in the middle of T-R cycle 
Ile, caused a minor eastward widening of the Pilot Basin that begins the 
deposition of the West Range Limestone over the peritidal Guilmette 
Formation at the start of the Middle crepida Zone. Event 12 is a minor 
transgression that continues the deepening processes that began as event 
11. Event 12 starts at the base of the Lower marginifera Zone; this is the time 
of maximum extent of the Pilot Basin. The top few feet of the West Range 
Limestone and the bulk of the lower member of the Pilot Shale were both 
deposited during this time. This is the end of deposition of the lower member 
of the Pilot Shale. Event 13 is a widespread regression that resulted in deep 
erosion of the lower member of the Pilot Shale in some areas. This event 
lasted until the end of the Uppermost marginifera Zone. Event 14 is the third 
minor transgression or onlap in the Famennian, but there is no record of this 
transgression in the Pilot Shale. A brachiopod fauna dominated by 
Crinisarina devonica and Cyrtospirifer monticola has been 
associated with these rocks in Idaho (Baldwin, 1943) and Montana (Haynes, 
1916; Renzetti, 1961). The Woodruff Formation in the Pinyon Range of 
Nevada has carbonate strata correlated to this event, but no brachiopod 
fossils were recovered from this locality. Event 15 is another regression that 
affected the entire Western United States. It lasted until into the Upper 
postera Zone. Event 16 is the fourth transgression to interrupt the general 
Famennian regression. It marks the start of T-R cycle Ilf at the Lower expansa 
Zone. The black shale with micritic concretions of the middle member or 17 
Leatham Member of the Pilot Shale represents this event. "Brachiopod 
faunas, characterized by rhynchonellids Paurorhyncha and 
(or)Gastrodetoechia are recorded at many localities" including: New Mexico 
(Cooper and Dutro, 1982), Colorado (Kindle, 1909), Arizona (Meader, 1976), 
Utah, and Nevada. The last part of event 16 is marked by two minor 
transgressions, the later of these two transgressions is represented by the 
middle part of the Leatham Member of the Pilot Shale. The last event of the 
Late Devonian, event 17, was "a severe eustatic fall that closed depophase II 
and T-R cycle Ilf." These "shallow water, high energy environments" resulted 
in the deposition of regressive sandstone and siltstone beds of the upper part 
of the Leatham Member of the Pilot Shale, although only a few erosional 
remnants of these beds remain. These rocks represent the praesulcata Zone. 
Conodonts are reported to be rare and reworked, but a Syringothyris 
brachiopod fauna is reported from several areas including, Alamo and 
Bactrian Mountain (Sandberg, Poole, and Johnson, 1989). 
A short note at the end of this paper mentions a complete section of 
all three members of the Pilot Shale near Fox Mountain, which was not used 
as a data point in any of the maps because it was previously unknown. This 
section is the measured section Fox Mountain and the same section 
Hurtubise (1989) describes. 18 
THE SEAMEN RANGE AND SOUTHERN END OF THE EGAN RANGE  
Biostratigraphy and Paleoecoloay of the Guilmette Formation (Devonian) of 
Eastern Nevada (Niebuhr, 1980) 
In this unpublished doctoral dissertation the West Range Limestone is 
reported to be 351 feet (107m) thick in a measured section at Gap Mountain. 
The West Range Limestone is described as a "slope-forming, indistinctly 
bedded, fine-grained limestone." The West Range Limestone is divided into 
two lithologies: sandy, basal beds made up of arenaceous pelsparites, and 
overlying argillaceous micritic limestone. Four fossil collections were made 
from the West Range Limestone, their contents were listed, and three of them 
contained brachiopods. The lowest collection was reported to contain: 
Cleiothyridina angelicoides, Cyrtospirifer breviposticus, Sinotectirostrum? 
sp., and Ptychomaletoechia cf. serva. Cleiothyridina angelicoides and 
Eoschuchertella sp. were listed as the most numerous brachiopods in the 
second collection that also was reported to contain: Praewaagenoconcha 
sp., Spinulicosta? sp., Productella sp., and Cyrtospirifer breviposticus. These 
two collections were assigned to the Palmatolepis crepida Zone. The highest 
collection stratigraphically contained: Orbinaria sp., Ptychomaletoechia sp., 
Cleiothyridina reticulata, and Eochoristites glennfoxi. The placement of this 
last brachiopod collection in the rhomboidea Zone is questionable. In 
Niebuhr's dissertation he states that the measured section at GMN-1 was 
abandoned at the lower West Range Limestone due to faults and covered 
sections and continued at GMN-2, where he was able to trace in the lower 
beds of the formation. Yet he lists his highest West Range Limestone 19 
brachiopod collection with his GMN-1 collections. Two conodonts are also 
recorded for this highest collection, but lcriodus cornutus? is only found in the 
crepida Zone in collections from this study, although its listed range is from 
the crepida Zone to the marginifera Zone and the other conodont, 
Polylophodonta? bouckaerti, is not recognized in any collections from this 
investigation. Niebuhr's brachiopod collection is suspected to be from the 
crepida Zone, since it is so similar to brachiopods in collections GAP-a, SHP-
e, and DJM-ii (Tables 4, 6, and 7), all from the crepida Zone. Also, 
Eochoristites glennfoxi (Procerispirifer keleticus elongate form) has not been 
collected above the crepida Zone. It is possible that in western sections the 
Cd-Pk Community may be found in the rhomboidea Zone, although it was 
found only in the crepida Zone in this study at Gap Mountain. A more likely 
solution is that Niebuhr's collection is misplaced and actually from the 
crepida Zone. The following brachiopods from the West Range Limestone 
were briefly described and photos included: Ptychomaletoechia cf. serva, 
Ptychomaletoechia sp., Cleiothyridina angelicoides, Cleiothyridina reticulata, 
and Eochoristites glennfoxi. 
Stratigraphy and Structure of the Seaman Range. Nevada. with an Emphasis 
on the Devonian System (Hurtubise, 1989) 
In this unpublished doctoral dissertation the West Range Limestone is 
reported to range in thickness from 439ft (134m) to 534ft (163m) in the 
Seamen Range and is 415ft (126m) thick at Fox Mountain. 20 
The Pilot Shale is reported only at Fox Mountain where it is 105ft 
(32m) thick. Hurtubise (1980, p. 41-42) reports that C. A. Sandberg identified 
all three members of the Pilot Shale at this location. The lower member is 4ft 
(1.2m) thick and a silty yellow-weathering shale. The middle member is 41.2ft 
(12.6m) thick of shale and limestone. It is reported to contain two 
brachiopods: Rhipidomella missouriensis and Spirifer sp. The upper member 
is 76ft (23m) thick with a basal purple quartz sandstone and crinoidal 
grainstone containing a Mississippian conodont fauna and reworked Late 
Devonian conodonts from at least two different zones (Sandberg, personal 
communication to Hurtubise, 1989). 
Unconformities are common in the Pilot Shale with one at the base of 
the middle Leatham Member, one at the top of the middle Leatham Member 
and one at the top of the upper Mississippian member. This may be 
responsible for the lack of Pilot Shale outcrops in the Seamen Range and 
the overall spotty occurrence of the top two members of the Pilot Shale. 
THE EGAN RANGE, SCHELL CREEK RANGE AND DUTCH JOHN 
MOUNTAIN 
Geology of the Southern Egan Range Nevada (Kellogg, 1960) and 
Paleozoic stratigraphy of the Southern Egan Range. Nevada (Kellogg, 1963) 
The first paper identified the West Range Limestone as the rocks 
between the uppermost quartz sandstone of the Guilmette Formation and the 
base of the Mississippian Joana Limestone. Kellogg divided the West Range 21 
Limestone into three members, upper, middle, and lower. The upper member 
and sometimes the middle member is correlative to the Pilot Shale that 
overlies the West Range Limestone. Kellogg's middle and upper members of 
the West Range Limestone are described as a shale and limestone. Kellogg 
believed that the Pilot Shale type section would be equivalent to all of the 
West Range Limestone at Sidehill Pass. Kellogg gave locations of where 
each member is found. The best developed area is at Sidehill Pass (T6N 
R64E). At Sidehill Pass, in the southern part of the Schell Creek Range, the 
measured section was 402ft (122.5m) thick. Again, the West Range 
Limestone is reported to have spotty occurrences and is absent in many 
areas, including most areas to the north of Sidehill Pass. In the northern part 
of the Schell Creek Range it is not present and in the South Egan Range the 
section is reported never to exceed 212ft (65m) and is absent north of 
Shingle Pass. 
Kellogg reports that Tenticospirifer keleticus Crickmay is characteristic 
of the lower member of the West Range Limestone. He lists the following 
brachiopods in this fauna: Cyrtospirifer portae Merriam, C. animasensis 
(Girty), Schellwienella cf. S. percha Stainbrook, Athyris angelica Hall, 
Cleiothyridina? sp., Camarotoechia n. sp. and Nudirostra cf. N. walcotti 
Merriam. The middle member has its own fauna, assigned to the Cyrtospirifer 
portae fauna. This fauna was reported to contain the following brachiopods: 
Cyrtospirifer portae Merriam, C. animasensis (Girty), Cyrtiopsis cf. C. 
normandvillana Crickmay, Schizophoria simpsoni Merriam, Schuchertella 
haguei Merriam, Athyris angelica Hall, A. angelicoides Merriam, Ambocoelia 
cf. A. parva Weller, Camarotoechia nordeggi Kindle, Nudirostra walcotti 
(Merriam), Pugnoides? sp. and Productella sp. Kellogg reported that the 22 
upper member occasionally has a Leioproductus fauna at its base with 
faunal elements similar to those of the Lower Mississippian. The top of the 
upper member has a typically Lower Mississippian fauna Kellogg named the 
Spirifer cf. S. marionensis fauna. This fauna includes: Spirifer cf. S. 
marionensis Shumard, Cleiothyridina? sp., Reticularia? sp., and Ambocoelia 
cf. A. parva Weller. Kellogg also reported an unconformity between the upper 
and middle members of the West Range Limestone. 
Devonian Stratigraphy of the Ely Area (Langenheim, Hill, and Waines, 1960) 
and The Pilot Shale. the West Range Limestone. and the Devonian-
Mississippian Boundary (Langenheim, 1961) 
In this paper (Langenheim, Hill, and Waines, 1960), it is pointed out 
that the Cyrtospirifer Zone of Merriam (1940), which is characterized by 
Cyrtospirifer portae, Leiorhynchus walcotti, and Athyris angelicoides, is not 
recognized east of Eureka, however, Cyrtospirifer spp. are commonly found 
in the Pilot Shale, West Range Limestone, and the upper part of the 
Guilmette Formation. 
The Pilot Shale is reported to rest conformably on the Guilmette 
Formation at Butte Valley, Pilot Knob, and Willow, but this is doubtful. At 
Lund, it is reported that the Joana Limestone rests unconformably on the 
Guilmette Formation. It is also noted that a 15ft (4.5m) interval of shaly 
limestone separates these two formations and this small interval is tentatively 
assigned to the Pilot Shale. South of Lund and north of the Arrow Canyon 
Range and the Mormon Mountains it is reported that the West Range 23 
Limestone is a separate fades equivalent to the uppermost Guilmette 
Formation. The Pilot Shale rests conformably on the West Range Limestone 
at these locations. Within this area (West Range, Sidehill Pass, and Alamo) 
the West Range Limestone rests on a thin layer of sandstone at the top of the 
Silverhorn Dolomite. At Sunnyside, in this area, a thin sequence of Guilmette 
Limestone separates the West Range Limestone from the Simonson 
Dolomite. The West Range Limestone is again described to be Late 
Devonian and abundantly fossiliferous, containing Cyrtospirifer. The lower 
member of the Pilot Shale contains brachiopods of the Cyrtospirifer zone at 
Willow, Sunnyside, and Sidehill Pass, but no fossils have been found in the 
upper member and it was not known at this time if the upper member was 
Late Devonian or Early Mississippian. 
Geology and Ore Deposits of the Pioche District. Nevada (Westgate and 
Knopf, 1932) 
This paper describes three sections of strata that contain the West 
Range Limestone. The three sections measured by Westgate and Knopf are 
the type section in the West Range, the Silverhorn section, in the south part 
of the Fairview Range, and a section at Dutch John Mountain. The sections 
measured range in thickness from 615ft (187m) at West Range to 550ft 
(168m) at Silverhorn to 330ft (101m) at Dutch John Mountain. There is also a 
list of the brachiopods and other fossils found at all three sites. 24 
Devonian Stratigraphy and Paleontoloay of the Roberts Mountain Region 
Nevada (Merriam, 1940) 
Merriam (1940) revisited the same site that Westgate and Knopf 
(1932) described. Merriam disagreed with the stratigraphy defined by 
Westgate and Knopf. He divided the section at Dutch John Mountain into five 
lettered zones, A-E on the basis of the fossils and lithology. The five zones 
represent some 1900ft (580m) of stratigraphic section. Merriam associated 
zone A and B, with the West Range Limestone and zones C, D, and E with 
the uppermost Devonian or possibly Mississippian. This section was 
probably measured through some faulted Devonian rocks (Langenheim, 
1968) on the northern slope of Dutch John Mountain. 
Devonian Stratigraphy and Biostrati9raphy at Dutch John Mountain, Lincoln 
County. Nevada (Gordon, O'Brien, and Langenheim, 1968) 
The biostratigraphy of Dutch John Mountain in Lincoln County, 
Nevada is discussed in this paper. A detailed columnar section of the Dutch 
John Mountain section shows the location of fossil collections and the 
lithology of the strata throughout the section. The West Range Limestone is 
235ft (72m) thick and described as a "cliff-forming fine to medium grained 
brown limestone which weathers gray to buff." The upper section alternates 
between argillaceous limestone beds and limestone beds. 25 
Fossils collected in this section include: solitary corals, Cyrtospirifer cf. 
S.  whitneyi, Camarotoechia contracta, C. congregata (?), Athyris 
angelicoides, Tenticospirifer cf. T. keleticus and Cyrtiopsis (?) sp. Abundant 
conodonts were also recovered and listed. 
The Pilot Shale is 122ft (37m) thick and described as a "dolomitic 
mudstone and platy calcareous shale." Conodonts identified in the lower 
section include Polygnathus semicostata  and Palmatolepis glabra. 
Conodonts in the upper section of the shale included Neoprioniodus sp. and 
Palmatolepis sp. 
SUMMARY 
The West Range Limestone has been studied by many investigators, 
but few have taken the time to synthesize the prolific brachiopod faunas of 
this formation. The work that has been done is generally restricted to one or 
two locations and has not covered the entire extent of the West Range 
Limestone. This gives a fragmented view of the faunas found in the West 
Range Limestone and Pilot Shale. 
This study examines seven sections of the West Range Limestone and 
Pilot Shale in six different mountain ranges. By recollecting brachiopods at 
these different sites and correlating them with Upper Devonian conodont 
zones it is hoped that a clearer picture of the brachiopod faunas of the West 
Range Limestone and Pilot Shale can be created. Over the years many 
similar collections of fossils have been reported in the literature, but these 
isolated collections have not been correlated and have commonly been 26 
given different names. In an attempt to correlate past fossil collections with 
the collections of this paper a summary of the three brachiopod-dominated 
communities recognized in this research is presented along with previous 
workers' collections and locations that correspond to these three brachiopod 
communities. 
The youngest community is the Syringothyris Community. The 
Syringothyris Community was collected in the Mississippian upper member 
of the Pilot Shale at Fox Mountain. The brachiopods of this community are 
listed and described by Johnson and Reso (1966) from Bactrian Mountain. 
Kellogg also reports on brachiopods from this community (1963, Table 9) as 
the Spirifer cf. S. marionensis fauna. He reports this fauna from the West 
Range, Sidehill Pass, Gap Mountain, Whipple Peak, and Cave Valley Well. 
All collections made by Kellogg were discovered between 5-20ft (1.5-6m) 
below the Joana Limestone. A similar fauna was described from the 
Sappington Formation (Devonian-Mississippian) of western Montana 
(Rodriguez and Gutschick, 1967). 
The Crinisarina reticulate Community was recognized at Bactrian 
Mountain, Sidehill Pass, Alamo, and Coyote Spring. The brachiopods of this 
community were listed and described by Johnson, Reso, and Stephens 
(1969) from Bactrian Mountain and referred to as the Crinisarina reticulate 
fauna. Kellogg (1963, Table 8) also recognized this fauna, which he called 
the Cyrtospirifer Aortae fauna. He reported finding this fauna at Sidehill Pass 
and the West Range. 
The oldest brachiopod community is the Cyrtospirifer dutchjohnense-
Procerispirifer keleticus Community. This community was recognized at 
Bactrian Mountain, Alamo, Gap Mountain, Coyote Spring, Sidehill Pass, and 27 
Dutch John Mountain. The brachiopods of this community are listed by Reso 
(1963) and again by Johnson, Reso, and Stephens (1969) from the 
Pahranagat Range. They are also listed by Kellogg (1963, Table 7) and 
referred to as the Tenticospirifer keleticus fauna. He reported this fauna from 
Sidehill Pass, the West Range, Perry Spring, Gap Mountain, Whipple Peak, 
and the Cave Valley Well. This community was collected at Dutch John 
Mountain (Gordon, O'Brien, and Langenheim, 1966) and was also briefly 
described by Niebuhr (1980) from Gap Mountain. 28 
LITHOSTRATIGRAPHY  
WEST RANGE LIMESTONE 
General Statement 
The West Range Limestone was first named by Westgate and Knopf 
(1932) for exposures of a slope-forming, blue-gray limestone on a small 
conical hill in the West Range near Pioche, Nevada. The West Range 
Limestone is exposed throughout east-central Nevada in Lincoln county, 
easternmost Nye county, and southernmost White Pine County. It varies in 
thickness from 137 feet (42m) at its northernmost outcrop, at Sunnyside 
(Langenheim, 1960), to 460 feet (140m) at its southernmost outcrop in the 
Pahranagat Range (Reso and Croneis, 1959). North of Sunnyside, at Lund, 
there is a 15ft (4.5m) thick outcrop of shaly limestone that may be West 
Range Limestone or Pilot Shale. It is absent north of this and may be eroded 
away or the Guilmette Formation may be a facies equivalent of the West 
Range Limestone north of Sunnyside (Langenheim, 1960). South of the 
Pahranagat Range, in the Arrow Canyon Range and the Mormon Mountains, 
the Crystal Pass Limestone is considered a facies equivalent to the West 
Range Limestone, however no fossils have been recovered from the Crystal 
Pass Limestone (Langenheim, 1960). 29 
Litho logy 
The West Range Limestone is a thin to medium-bedded, silty 
limestone. The limestone is classified as a wackestone, nodular in places, 
with beds of brachiopod packstones and peloidal packstones occurring in 
the lower part of the formation. It can be described as a fossiliferous micrite to 
a sparse biomicrite in Folk's (1959) classification with some beds of packed 
brachiopod biomicrites and packed pelmicrites. The limestone is interbedded 
with terrigenous mudstone and siltstone. Fossils are common throughout this 
formation, and trace fossils and bioturbation are prevalent in the limestone. 
The West Range Limestone grades gradually into the Pilot Shale. This 
gradation in the West Range Limestone is observable in subtle changes in 
the formation. 
The upper part of the West Range Limestone differs from its lower part 
in several ways. The lower beds of the West Range Limestone are made up 
of more resistant silty and sandy limestone. This limestone tends, to have 
larger terrigenous grains, that are well-sorted fine sand to coarse, silt-size 
quartz grains. The limestone also contains a fairly high amount of silt to fine 
sand-size quartz grains. The quartz grains are subangular to subrounded 
and constitute10 to 25 percent of the rock. There are also trace amounts of 
plagioclase grains. There is also some recrystallization of the micrite into 
microspar and pseudospar (Folk, 1965) and some dolomitization, especially 
in the lowest beds. There is less interbedded terrigenous mudstone in the 
lower part of the formation that tends to form limestone cliffs or bluffs 10-15 
feet (3-4.5m) thick. 30 
The upper part of the formation typically contains smaller size 
terrigenous debris. Most grains are no larger than silt size. There is also less 
silt-size material and more clay in the limestone and these clayey limestone 
tend to be better laminated than the lower limestone. Interbedded siltstone 
and mudstone are more common in the upper part of the formation, which 
commonly forms less resistant slopes that are partially covered. One to two 
feet (0.5m) thick beds of limestone protrude out of this slope, forming small 
bench-like exposures every 5-10 feet (1.5-3m). 
The limestone of the West Range Limestone is dominantly micrite. 
Some micrite has recrystallized to microspar, and some recrystallization of 
the microspar into larger pseudospar crystals has occurred. This pseudospar 
is very dirty and many grains of terrigenous clay are peppered throughout the 
calcite crystals. Some sparry calcite is found inside brachiopod and ostracod 
shells. The pseudospar is associated with other fossils such as corals and 
crinoid ossicles. There is little evidence of dissolution of the limestone, but 
some of the quartz grains have boundaries that show partial dissolution. The 
limestone displays very little porosity, about 1-5 percent of the rock. 
Sandstone is rare in the West Range Limestone and occurs only near 
the lower boundary with the Guilmette Formation. The sandstone beds are 
well-sorted quartz arenites with some microcline grains making up less than 
5% of the framework grains. The quartz grains are monocrystalline. The 
sandstones are associated with packed pelmicrites. The pellets and sand 
grains are well-sorted, subrounded to rounded, and are fine to medium sand 
size. The sandstone is cemented by micrite cement. Commonly associated 
with these black pelmicrites are large (2-3cm in diameter), flat-coiled, poorly 
preserved gastropods. 31 
Contacts 
The West Range Limestone overlies two different facies of the 
Guilmette Formation. In the south and the west, the lower contact is with the 
sandy peritidal carbonate facies of the Guilmette Formation, and in the north 
it is with the slope carbonate facies. The boundary between the West Range 
Limestone and the Guilmette Formation in the south is abrupt with a sharp 
and distinct contact. Limestone of the West Range Limestone rests directly on 
the highest sandstone bed of the Guilmette Formation. At Bactrian Mountain 
and Alamo the packed pelmicrites of the West Range Limestone rest on this 
sandstone. In the north, the West Range Limestone boundary with the slope 
carbonate facies of the Guilmette Formation is not as clear, but is still easy to 
identify between the brown spaghetti dolomite of the Guilmette and the black, 
light-gray to yellow-weathering micritic limestone of the West Range. Beds of 
solitary horn corals and Cyrtospirifer brachiopods in the West Range 
Limestone occur just above this boundary. 
The upper contact of the West Range Limestone is with the Pilot 
Shale. This is a transitional contact with beds of alternating limestone, 
mudstone, and siltstone. The boundary between the two formations is 
considered to be above the highest bed of limestone in the West Range 
Limestone. This contact is generally obscured or covered in float and 
vegetation; although the Crinisarina reticulata Community, in the upper West 
Range Limestone, may be found just below this boundary at many locations. 32 
Age 
The West Range Limestone is of Late Devonian, Famennian age. 
Conodonts are primarily used to date this formation. In the Upper Devonian 
conodont zonation, the base of the West Range Limestone is in the Upper 
triangularis Zone and approximately the uppermost 10 feet (3m) of the 
formation are in the Lower marginifera Zone (Sandberg et al., 1989, fig 10). 
All intervening conodont zones have been recognized in the West Range 
Limestone, indicating that there are no major unconformities in this formation. 
The West Range Limestone is rich in brachiopods and has two 
brachiopod-dominated communities: the Cyrtospirifer dutchjohnense-
Procerispirifer keleticus Community and the C. reticulata Community. 
Johnson, Reso, and Stephens (1969) described the Crinisarina reticulata 
fauna from the upper West Range Limestone, but it has not been reported 
elsewhere in Nevada. These two brachiopod communities lie in-between the 
Eoparaphorhynchus walcotti brachiopod fauna of the Lower and Middle 
triangularis Zone from the Devils Gate Limestone and the Crinisarina 
devonica brachiopod fauna of the Lower and Upper trachytera Zone from the 
Trident Member and Three Forks Formation (Sandberg, Poole, and Johnson, 
1989). 
Depositional Environment 
The presence of abundant terrigenous silt, clay, and micrite indicates 
a deep-water, quiet-water setting; although the large amount of fine quartz 33 
sand found in some samples indicates that this environment had some 
source of sand and some water agitation. The West Range Limestone occurs 
on the eastern slope of the Pilot Basin and is a result of slow subsidence in 
the Pilot Basin. This subsidence, at the start of event 11, caused the subtidal 
West Range Limestone to onlap its adjacent slope facies, the peritidal 
Guilmette Formation (Sandberg, Poole, and Johnson, 1989). The position of 
the West Range Limestone, on the Pilot Basin slope, could account for the 
abundant fossils, the nodular limestone, and the high amount of silt and sand 
present in the formation. 
PILOT SHALE 
General Statement 
The Pilot Shale was first recognized by Lawson (1906) and later 
named by Spencer (1917). The Pilot Shale is a poorly exposed, slope-
forming formation that is widespread across east-central Nevada. It is 
composed of three members: a Late Devonian lower member, the Late 
Devonian Leatham Member, and the Early Mississippian upper member. In 
the study area, the Pilot Shale varies in thickness from 96 feet (29m) at 
Sidehill Pass to 430 feet (131m) at Bactrian Mountain. 
The Pilot Shale was deposited over a long time interval and the start 
of deposition of the lower member varied from location. The oldest dated 
Pilot Shale was deposited over the Devils Gate Limestone and Guilmette 
Formation north of the study area in the Cherry Creek Range and Water 34 
Canyon during the Ancrognathus triangularis Zone (Sandberg, Poole, and 
Johnson, 1989). In the Lower marginifera Zone, deposition ends for the 
lower member of the Pilot Shale and at many places west and north of the 
study area the lower member is a facies equivalent of the upper Guilmette 
Formation and the West Range Limestone. Pilot Shale deposition over the 
West Range Limestone is reported to have started in the Lower marginifera 
Zone and finished in the Early Mississippian Kinderhookian (Sandberg et al, 
1989). In this study at Sidehill Pass conodonts from limestone beds in the 
Pilot Shale yield an Upper rhomboidea Zone date indicating that in some 
areas to the north of Alamo and Bactrian Mountain Pilot Shale deposition 
over the West Range Limestone began in the Upper rhomboidea Zone. The 
Pilot Shale had three separate episodes of deposition, all separated by 
unconformities. These three depositional episodes are the basis for dividing 
the Pilot Shale into one formal member and two informal members 
(Sandberg and Poole, 1970 and Sandberg, Poole, and Johnson, 1989). 
Litho logy 
The lower member is made up of terrigenous siltstone, mudstone, and 
the occasionally interbedded limestone. The siltstone is commonly a yellow-
orange color, well-lithified, and bench forming. The siltstone may fracture 
along thin bedding planes to form a shale-like exposures, or form thicker, 
massive beds (1-3ft or 0.3-1m) that shatter conchoidally when struck with a 
rock hammer. Some yellow-orange siltstone contains brachiopod fossils 
typical of the C. reticulata Community and the rare beds of argillaceous 35 
limestone commonly contain a few isolated brachiopods of this community. 
The siltstone is made up of angular to subangular silt-size monocrystalline 
quartz grains, cemented with micrite. 
At the base of the Leatham Member at Bactrian Mountain is a very 
resistant purple-red quartzite bed (Sandberg and Poole, 1977). This 
distinctive bed also occurs at Alamo and separates the lower member of the 
Pilot Shale from the Leatham Member. The rest of the Leatham Member is 
made up of dark mudstone and black shale. There are few fossils in this 
member although a few isolated brachiopods occur along with an occasional 
fish scale. 
The upper member of the Pilot Shale is Early Mississippian. At Fox 
Mountain the upper member is 11 feet (3.4m) above a purple 
sandstone/quartzite bed filled with hematite concretions and fossil crinoids 
and brachiopods that have been replaced with hematite. This is a very 
distinctive two-inch-thick bed observed only at Fox Mountain. Just above this 
bed is the Syringothyris Community in a silty biomicrite. At Fox Mountain and 
Gap Mountain a saccharoidal textured limestone forms a distinct bench in the 
upper member of the Pilot Shale and this limestone contains abundant early 
Mississippian conodonts and reworked Famennian conodonts. Above this 
layer and representative of the upper member at Bactrian Mountain and 
Alamo is dark shale and tan to yellow siltstone with no fossils. Just below the 
base of the Joana Limestone in the upper member at Alamo is a 
Mississippian limestone bench with chert nodules and indet. rhynchonellids. 
The upper member generally forms a poorly exposed slope commonly 
covered with Joana Limestone float. 36 
Contact 
The upper boundary of the Pilot Shale is with the Joana Limestone. 
This boundary is sharp and abrupt with the cliff-forming, crinoid packstone of 
the Joana Limestone resting directly on top of the slope-forming, fossil barren 
mudstone of the Pilot Shale. This contact is covered in many areas by 
vegetation and float. This contact represents an unconformity and the Joana 
Limestone may rest on any one of the three members of the Pilot Shale. At 
Dutch John Mountain, Sidehill Pass, and Coyote Spring the Joana 
Limestone rests on the lower member of the Pilot Shale, while at Alamo, 
Bactrian Mountain, Fox Mountain, and Gap Mountain the Joana Limestone 
rests on the Mississippian upper member. 
Age 
The Pilot Shale is Late Devonian (Famennian) in age, with its upper 
member being early Mississippian (Kinderhookian). It is dated primarily by 
conodonts. The lower member of the Pilot Shale ranges in age from the 
Ancyrognathus triangularis Zone to the lower part of the Upper marginifera 
Zone. The lower Pilot Shale was deposited over the West Range Limestone 
from the Upper rhomboidea Zone to the Upper marginifera Zone. The 
Leatham Member starts in the Lower expansa Zone. The unconformity 
between the lower member and the Leatham Member is the largest 
unconformity present in the Pilot Shale and may represent a continent-wide 37 
erosional episode (Sandberg, Poole, and Johnson, 1989, p. 204). There is 
no record of the Middle expansa Zone in the Leatham Member; this may be 
due to erosion of this section or the lack of conodonts in the black shale 
(Sandberg, Poole, and Johnson, 1989). The next conodont zone found in the 
Leatham Member is the Upper expansa Zone and above that the praesulcata 
Zone, which also marks the end of deposition of the Leatham Member. The 
upper member of the Pilot Shale starts in the Mississippian sulcata Zone and 
conodonts have been recovered from the duplicata and sandbergi Zones 
(Sandberg and Poole, 1970). Deposition of the upper member ended in or 
below the crenulata Zone (Fig. 4 and 5). 
Depositional Environment 
The three members of the Pilot Shale were deposited in a variety of 
different depositional environments. The lower member has no unconformity 
at its base and lies conformably on the West Range Limestone. This lower 
member represents a quiet, deep-water setting and a deeper-water 
environment than the West Range Limestone. 
The sandstone bed at the base of the middle Leatham Member 
represents a regression and unconformity. This sandstone was deposited in 
a high-energy, shallow-water environment. The rest of the Leatham Member 
is composed of dark shale and some shale with calcareous concretions, 38 
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Pilot Shale and adjacent units in east-central Nevada. The stratigraphic units 
are plotted against Western U.S. events. standard Late Devonian conodont 
zones, and important brachiopod faunas. 39 
Key to Figure 4. 
ODenotes stratigraphic postion of 
brachiopod communities found in this 
study. 
Syringothyris Community 
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Procerispirifer keleticus 
Community 
Denotes time when no strata was 
deposited or conodont faunas are not 
present. 
Modified from Sandberg, Poole, and Johnson (1989, 
figs. 4 and 13) and Sandberg and Poole (1977, fig. 6). 40 
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and Pilot Shale. 41 
deposited in a deeper-water, low-energy environment. The Leatham Member 
along with the Sappington Formation, the Bakken Formation, the Percha 
Shale, and the Leatham Formation all represent "a continuous, deep-
subtidal, dysaerobic black shale" depositional complex (Sandberg, Poole, 
and Johnson, 1989, p. 206-207). This depositional complex covered an area 
from North Dakota to Idaho, Utah, Nevada, Arizona, and New Mexico and 
represents the greatest transgression in the Famennian. 
The Mississippian upper member is represented by two very different 
types of sedimentary rocks. At Gap Mountain and Fox Mountain a sandstone 
and saccharoidal limestone were deposited near the base of this member. 
This sandstone and limestone indicate a shallow-water, high-energy 
environment. Mudstone and siltstone are above this limestone, and at 
Bactrian Mountain and Alamo only mudstone and siltstone were observed, 
again indicating a deep-water environment. 42 
MEASURED SECTIONS 
PAHRANAGAT RANGE 
Alamo measured section (AL) 
total thickness 
West Range Limestone:  296 feet (82m) 
Pilot Shale:  422 feet (129m) 
The Alamo section (Fig. 6) is the southernmost section measured and 
it is also the thickest section measured. The base of this section starts on top 
of a small hill just east of the Pahranagat Range, the section continues down 
the west side of this hill, through a small valley or saddle, and then up the 
steep, east slope of a second hill. At the summit of this second, larger hill the 
section ends at the base of the Joana Limestone. 
The base of the West Range Limestone rests directly on top of a 
sandstone bed of the Guilmette Formation. The first 15 feet (4.5m) of the West 
Range Limestone contains numerous fossils and the most prolific fossil beds 
of this section (collections AL-a, b, c, and d, Table 1). Collection AL-a is a 
pelmicrite with large, flat-coiled gastropods and cyrtospiriferid fragments. 
Collections b, c, and d contain a more diverse set of brachiopods in a dense, 
olive-green to tan-yellow micrite matrix. The brachiopods include: 
Procerispirifer keleticus, Procerispirifer coyotespringense, Uchtospirifer sp. 1, 
Crinisarina angelicoides, Schizophoria sp., rhynchonellids, and many 
productids. Gastropods and a few pelecypods were also collected with these 
collections. Collection AL-b has a very diverse set of cyrtospiriferids including 
the biggest Procerispirifer keleticus found (35mm high). The fossils in this 
interval are representative of the Cyrtospirifer dutchjohnense-Procerispirifer 43 
keleticus Community. The next 85 feet (26m) of the Alamo section consists of 
massive micrite limestone with few fossils. 
At the 102 foot (31m) mark a sparsely fossiliferous limestone bed, 
collection AL-g2 (Fig. 6), is exposed. This bed contains some Procerispirifer 
keleticus and Procerispirifer pahranagatense along with Rugaltarostrum 
glabraventra, 1 rhynchonellid, and 1 Crurithyris fissa. This is the only 
collection with both of these Procerispirifer species occurring together. All the 
brachiopods in this collection represent the Crinisarina reticulata Community, 
except for Procerispirifer keleticus. The conodonts collected from this bed 
indicate a zone no lower than the Upper crepida Zone. Eight feet (2.4m) 
above this bed is collection AL-g20, which is in the rhomboidea Zone. The 
Crinisarina reticulata Community brachiopods support a rhomboidea Zone 
assignment, but the presence of Procerispirifer keleticus supports a crepida 
Zone assignment. This bed is very close to the border of the two zones and is 
probably from the Lower rhomboidea Zone. The presence of a few 
Procerispirifer keleticus in this collection of Crinisarina reticulata Community 
brachiopods may indicate the highest stratigraphic occurrence of P. keleticus 
or a transitional species, in a phyletic sequence, between P. pahranagatense 
and P.  keleticus. 
Above this sparsely fossiliferous, but interesting bed, the West Range 
Limestone becomes a slope-forming formation with limestone benches 
protruding from the less resistant siltstone and argillaceous limestone. This 
continues for the next 200 feet (61m) with only a few fossils collected. These 
include C. reticulata and P. pahranagatense, which represent the Crinisarina 
reticulata Community, however this assignment is based on very little 
material. The Pilot Shale outcrops at the 296 foot (90m) mark. It is a thin-44 
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Figure 6. Alamo measured section. Section of West Range Limestone and 
Pilot Shale in Lincoln County, Nevada. (See key on page 70.) Table 1-Occurrence of brachiopod species at Alamo by collection. 
species  a  b  c  d  g2  i2  j  wrI1  total 
Cyrtospirifer dutchjohnense  2 
Procerispirifer keleticus  37  4  41 
Procerispirifer pahranagatense  15  4  1  20 
Crinisarina angelicoides  24  4  12  40 
C. reticulata  12  16 
Uchtospirifer sp.1  14  4  14  32 
Diachacenia? sp.  7  1  12  20 
Praewaagenoconcha sp.  1  1 
Douvillina? sp.  18  1  19 
Crurithyris fissa  1  1 
Ptychomalatoechia sp. cf. P. contractiformis  11  11 
Schizophoria sp.  43  43 
Rugaltaromstrum glabraventra  2  2 
Procerispirifer coyotespringense  25  25 
totals  2  125  9  93  35  4  3  2  273 
gastropods  5  6  1  12 
cephalopods  1  1  2 
pelecypods 46 
bedded siltstone and shale with a few limestone beds. At the 425 foot (130m) 
mark there is a red quartzite matching the description of the base of the 
middle member of the Pilot Shale (bct-26) as reported by Sandberg and 
Poole (1978) at Bactrian Mountain. This sandstone bed is therefore 
correlated as the base of the middle member of the Pilot Shale at Alamo. 
One conodont sample was taken just above this bed, but it is unzonable. A 1 
foot (0.3m) thick bed of banded chert occurs just above this sandstone bed. 
Above this chert bed is a 60 foot (18m) interval of interbedded sandstone, 
unfossiliferous shale, and siltstone. 
Above this interval of thin beds of sandstone is a 200 foot (61m) 
interval of unfossiliferous gray and tan siltstone and shale, which may be 
either middle or upper Pilot Shale. At the 685 foot (208m) mark is a small 
outcrop of limestone with black chert nodules and bands of black chert. 
Collection AL-o was taken from this outcrop and contains Mississippian 
conodonts and a few rhynchonellids. This interval is assigned to the 
Mississippian upper member of the Pilot Shale based on the conodont 
collection from AL-o. Just above these limestone beds the Joana Limestone 
outcrops. 
Bactrian Mountain measured section (BM) 
total thickness 
West Range Limestone:  218 feet (66m) 
Pilot Shale:  380 feet (116m) 
The Bactrian Mountain section (Fig. 7) is just 7 miles (11km) northwest 
of the Alamo section and again the base of the West Range Limestone 47 
outcrops on the west side of a small hill. This is the start of the Bactrian 
Mountain section, which continues down this hill, into a small saddle, and 
then up the steep, east-slope of a higher hill to the west. The Pilot Shale is 
exposed in this section on the steep, float-covered slope of this hill. Near the 
top of this hill the Joana Limestone forms a cap rock and marks the end of 
this section. 
The base of the West Range Limestone rests on a sandstone bed of 
the Guilmette Formation and just above this contact is a pelmicrite filled with 
large, flat-coiled gastropods. The next 10-15 feet (3-4.5m) of the section 
contains beds of Cyrtospirifer and one thin, tan-colored, silty, nodular 
limestone bed with Schizophoria sp., Uchtospirifer sp. 1, Crinisarina 
angelicoides, and rhynchonellids (Table 2). This collection, BM-3, is 
comparable to collection AL-d. This collection comes from a thin, 2-6 inch (5-
15cm), bed that is very widespread and continuously fossiliferous. This 
interval is assigned to the Cyrtospirifer dutchjohnense-Procerispirifer 
keleticus fauna. Above this bed is black, massive, micrite limestone with a 
few isolated Cyrtospirifer and straight nautiloids. This interval of massive 
micrite limestone and Cyrtospirifer is also assigned to the Cyrtospirifer 
dutchjohnense-Procerispirifer keleticus fauna and continues for 50 feet 
(15m). 
Succeeding this interval is a 75 foot (23m) interval of thin-bedded, 
nodular limestone protruding from a slope-forming siltstone and less 
resistant argillaceous limestone. Six of Sandberg and Poole's (1978) sample 
numbers were found in this interval of the West Range Limestone including: 
bct-7, bct-7a, bct-7a-2, bct-7c, bct-7d, and, bct-8 that was sampled as BM-a in 
this study. These numbered beds were used to help locate the boundary ------------- -------------
48 
O cu 
Feet 
-o c O Q
N 
400 
350 
300 
250 
200 
150  0 
LrZ 
100 
'cL5 
Q-
0_ 2? 
50 
0 
G.F. 
O.0
EE E E 
as 
Cl) Z 
13M-v 
BM-w 
BM-z 
£M-y 
BM m n  
BM i I  +  
BM--h+  
I3M a-d+  
bct-7c 
bct-7a2 
bct-7a 
bct-7 
BM 3  +  
BM-2 +  
260 feet to base of 
Joana Limestone 
11210011:1100017=1:111:11 
01:110:1117131:1C11:11OCII.  
lociseaceemosenees.7141  
raOCT railME =Era g
0011:1101117011:MIOCIBIL 
i=1,00112BICIMPOO117e1171 1,71711:111:101:1100000 
=Voing  ...717-e ar.ir tra:71 
OCICIICIIC1111:101:1101M. 
craMireraErd:TaCsougrel 
1=1117011:110011:001171711717  
Ciesetgarel  ra -are 
0011:11:11:101:113CICIOC. 
Meters 
120 
108 
96 
84 
72 
60 
48 
36 
24 
12 
0 
Figure 7. Bactrian Mountain measured section. Section of West Range 
Limestone and Pilot Shale in Lincoln County, Nevada. (See key on page 
70.) Table 2-Occurrence of brachiopod species at Bactrian Mountain by collection. 
2d  2e  2f  2h  2i  2j  2k  21  3z  3w total species  2  3  2b  2c 
Cyrtospirifer dutchhohnense  1  1 
Uchtospirifer sp. 1  4  4 
Ptychomaletoechia sp. cf. P. contractiformis  5  5 
5 4 2  3 3 19 24  8	  69 1 Crinisarina reticulata 
Schizophoria sp.  21  21 
Procerispirifer pahranagatense  5  37  7  2  51 
c c  c u c c u u u u Crurithyris fissa 
46 11  2  6 3 24  6  115 1 Rugaltaromstrum glabraventra	  16 
1 1	  1 2 4 2  11 praewaagenoconcha sp. 
5 5 Schuchertella lens 
Parapugnax bactrianensis 
1  1 
6 2  8 Rentichonetes sp. 
2 2  4 Rhipidomella sp. cf. R. missouriensis 
6 - 9  7 45 31  13 15  4  295 1  31  22  89 22 total 
1	  1 2 fish scales 
pelecypods 
1  1 
corals	 
1  1 
1 3  4  _ gastropods	  _ 50 
between the Upper crepida Zone and Lower rhomboidea Zone and between 
the Lower rhomboidea Zone and the Upper rhomboidea Zone. Above this 
interval is the clayey limestone that contains the Crinisarina reticulata fauna 
described by Johnson, Reso, and Stephens (1969). This includes about 50 
feet (15m) of very fossiliferous clayey limestone beds with Procerispirifer 
pahranagatense, Rugaltarostrum glabraventra, Crinisarina reticulata, 
Parapugnax bactrianense, and Crurithyris fissa. There is some replacement 
of the brachiopod shell material with hematite in these beds and in some of 
the Procerispirifer pahranagatense specimens the spiral lophophore 
supports are easy to observe. Above this fossiliferous interval is an interval of 
less resistant siltstone and some bench-forming limestone beds. The Pilot 
Shale lies just above this and is defined by mudstone and shale that 
weathers yellow to tan. The entire preceding interval is tentatively assigned 
to the Lower marginifera Zone. This is based on one conodont collection 
made in the Pilot Shale that contained Lower marginifera Zone conodonts 
and on Sandberg and Poole's report (1978) that the upper 25 feet (8m) of the 
West Range Limestone is in the Lower marginifera Zone. 
The base of the Leatham Member is marked by a red and purple, fine 
to medium grain, quartz sandstone bed 75 feet (23m) above the West Range 
Limestone and Pilot Shale boundary (Sandberg and Poole, 1978, bct-26, 
BM-y in this study). Above this sandstone is 70 feet (21m) of resistant 
siltstone and argillaceous limestone where two fish scales and a few isolated 
fossils including: Rhipidomella sp. cf. R. missouriensis, Retichonetes sp., and 
Schuchertella sp. cf. S. lens were recovered. This interval is assigned to the 
Leatham Member on the basis of lithologic characteristics and stratigraphic 51 
position. This is probably close to the location of the Syringothyris fauna 
location report by Johnson and Reso (1966) 240 feet (73m) below the Joana 
Limestone, although no Syringothyris were found in this study. Above this lie 
250 feet (76m) of siltstone and shale with no megafossils. On the basis of 
lithologic descriptions this 250 foot (76m) interval of the Pilot Shale is 
assigned to the Mississippian upper member of the Pilot Shale. The 
Syringothyris fauna reported by Johnson and Reso (1966) is on the 
boundary of these two members of the Pilot Shale and its precise 
stratigraphic position is not known, although Sandberg, Poole, and Johnson 
(1989) place this fauna in the Middle praesulcata Zone in the Leatham 
Member of the Pilot Shale. 
SEAMAN RANGE 
Fox Mountain measured section (FM) 
total thickness 
West Range Limestone:  338 feet (103m) 
Pilot Shale:  103 feet (31m) 
The Fox Mountain section (Fig. 8) starts on the west side of a small hill 
just north of Fox Mountain. This hill is visible from state highway 318. Most of 
this hill is made up of Guilmette Formation. This section continues down the 
west side of this hill, into a small saddle, and then up the steep, east-slope of 
another hill just to the west of the first hill. This second hill is banded by four 
prominent cliffs: two of West Range Limestone, one of upper Pilot Shale, and 
one of Joana Limestone. This hill is not visible from the highway. 
The West Range Limestone lies directly on top of a sandstone bed of 
the Guilmette Formation. Few fossils were collected in the West Range 52 
Limestone from this location, however one bed of dense, black, micrite 
limestone, 50 feet (15m) above the base of the West Range Limestone, has 
several straight cephalopods exposed on its weathered surface. Above the 
West Range Limestone at this section all three members of the Pilot Shale 
have been reported (Hurtubise, 1989 and Sandberg, Poole, and Johnson, 
1989). Hurtubise reports the Pilot Shale as 
The lower 4-ft (1.2m)-thick member is a silty 
yellow-weathering shale containing the conodont 
Palmatolepis glabra. The middle 41.2-ft (12.6m)-
thick member is interbedded sandy argillaceous 
shale and oncolitic limestone containing the 
conodont Branmehia disparalis, and the 
brachiopods Rhipidomella missouriensis and 
spirifer sp. The upper 76-ft (23m)-thick member is 
composed of a basal resistant ledge of purple and 
gray weathering quartz sandstone and crinoidal 
grainstone containing a Mississippian conodont 
fauna of the Siphonodella sandbergi Zone, and 
many reworked Late Devonian conodonts, 
assignable to two, and possibly three, different 
Zones (Sandberg, personal communication). 
In this study no conodonts were found from any conodont zones between the 
Upper rhomboidea Zone and the Mississippian, except for reworked 
conodonts in a crinoidal packstone. A Syringothyris fauna (collection FM-h, 
Table 3) was discovered 30 feet (9m) below the sandstone and crinoidal 
packstone of the reported base of the upper member of the Pilot Shale 
(Sandberg, Poole, and Johnson, 1989; Hurtubise, 1989). The silty limestone 
bed that the Syringothyris fauna occurred in was dated as Mississippian and 
may represent the lowest bed of the upper member of the Pilot Shale. 
According to stratigraphic and lithologic descriptions (Hurtubise, 1989) and 
the fossil Rhipidomella missouriensis reported by Sandberg, Poole, and 53 
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Figure 8. Fox Mountain measured section. Section of West Range 
Limestone and Pilot Shale in Nye County, Nevada. (See key on page 70.) Table 3-Occurrence of brachiopod species at Fox Mountain by collection. 
species  d  g  e  ff  ee  h  total 
cyrtospiriferid fragments  x  x  x 
Crinisarina reticulate  2  6  2  10 
Syringothyris sp.  11  11 
Rhipidemella sp. cf. R. missouriensis  12  12 
Diachacenia? sp.  1  1  2 
productid?  3  3 
Sinotectirostrum? sp.  6  6 
total  1  2  1  6  2  32  44 
cephalopds  1  2  3 
pelecyopod  1  1 55 
Johnson (1989) this bed would seem to occur in their reported middle 
member of the Pilot Shale. It is possible that the middle member is below this 
bed and was not sampled, although it would be considerably thinner than the 
41 feet (12.5m) reported by Hurtubise (1989). Only 11 feet (3.4m) exist 
between sample FM-ee of the Lower rhomboidea Zone and sample FM-h of 
the sulcata Zone. This would mean that the middle member is thinner than 
the 41 feet (12.5m) reported by Hurtubise (1989) and some samples 
identified as the middle member of the Pilot Shale by Sandberg, Poole, and 
Johnson (1989) and Hurtubise (1989) are actually part of the upper member 
of the Pilot Shale with reworked Devonian conodonts. A second possibility is 
that the middle member is absent from this section. This would mean that the 
Upper member of the Pilot Shale is resting on the West Range Limestone 
and the middle member is absent due to erosion during the Late Devonian 
and early Mississippian. In either case the base of the upper member of the 
Pilot Shale is below the sandstone and crinoidal packstone as reported by 
Hurtubise (1989). 
The most notable parts of this section are the three cliffs or benches of 
West Range Limestone and Pilot Shale that protrude from the east side of the 
small hill capped by a fourth cliff of Joana Limestone. It is in between the 
highest cliff of the upper member of the Pilot Shale (saccharoidal limestone) 
and the middle cliff of Upper rhomboidea Zone West Range Limestone that 
the Syringothyris fauna occurs. FM-h is located just 11 feet (3.4m) above the 
West Range Limestone in this interval. The collection FM-h contains the 
following brachiopods: Syringothyris sp., rhynchonellids, and Rhipidomella 
sp. cf. R. missouriensis. Sandberg, Poole, and Johnson (1989) report the 
Syringothyris fauna from many locations in the western United States during 56 
the Upper Devonian praesulcata Zone. At Fox Mountain the fauna occurs in 
the Mississippian sulcata Zone. It is possible that the Syringothyris fauna 
ranges into the Mississippian or another possibility is that the brachiopods 
from the FM-h collection are Late Devonian and have been reworked and 
redeposited with Mississippian conodonts. The brachiopods do show signs 
of transportation including: mostly disarticulate shells, poor preservation, and 
alignment of shells on a bedding plane. The sandstone and sandy limestone 
was deposited in a high energy environment. 
Gap Mountain measured section (GAP) 
total thickness 
West Range Limestone:  120 feet (37m) 
Pilot Shale:  218 feet (66m) 
The Gap Mountain section (Fig. 9) is a poorly exposed section of rock 
on the east side of a small hill a half a mile south of Gap Mountain. The base 
of the West Range Limestone rests on a white sandstone layer in the 
dolomite facies of the Guilmette Formation. This boundary is difficult to 
observe because of float and the slope forming nature of the West Range 
Limestone and Pilot Shale. Below this boundary there are good exposures of 
the cliff-forming, brown dolomite of the Guilmette Formation. Above these 
cliffs is the white sandstone layer, less than a foot (0.3m) thick, with a few 
nodular limestone beds and the float-covered slopes of the West Range 
Limestone just above it. Near the base of the West Range Limestone at this 
section is collection GAP-a, a packed biomicrite with Procerispirifer ke/eticus, 
Ptychomaletoechia sp., and  Crinisarina angelicoides (Table 4). Above this 
bed is a poorly exposed interval of slope-forming, clayey limestone and ---------------
---- ----- -- - ---
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Figure 9. Gap Mountain measured section. Section of West Range 
Limestone and Pilot Shale from northeastern Nye, County Nevada. (See key 
on page 70.) Table 4-Occurrence of brachiopod species at Gap Mountain by collection. 
Gap-a species 
1 8 7 Ptychomalatoechia sp.  
Procerispirifer keleticus  5 2  
1 1 Crinisarina angelicoides 
Diachacenia? sp.  4 
254 total 59 
siltstone with a few limestone ledges. This interval is about 100 feet (30m) 
thick. Just above it is a sandstone bed and a crinoidal grainstone that 
emerge from the slope. This is the upper member of the Pilot Shale and the 
limestone has Mississippian conodonts along with many reworked Upper 
Devonian conodonts. Above this interval the formation is again poorly 
exposed and there is a steep change in slope. The Joana Limestone caps 
the hill 60 feet (18m) above the saccharoidal limestone bed. 
NORTH PAHROC RANGE 
Coyote Spring measured section (CS) 
total thickness 
West Range Limestone:  293 feet (89m) 
Pilot Shale:  63 feet (19m) 
The Coyote Spring section (Fig. 10) is the best exposed section 
measured. This section starts on the east side on the southern end of a small 
north-south trending hill just east of the North Pahroc Range. This small hill is 
composed of Devonian and Mississippian rocks with the rocks becoming 
progressively younger towards the south. The southern summit of this hill is 
capped by Joana Limestone. 
There are few beds in the Coyote Spring section that are highly 
fossiliferous, instead there are a few pockets of brachiopods in some beds 
and many beds have a few scattered brachiopods. The one exception to this 
is a silty limestone at the base of the marginifera Zone that is a Crurithyris 
fissa packed biomicrite (collection CS-VII, Table 5). The conodont samples 
from the lowest 50 feet (15m) of limestone at Coyote Spring were not C 0 
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Figure 10. Coyote Spring measured section. Section of West Range 
Limestone and Pilot Shale from Lincoln County, Nevada. (See key on page 
70.) 
0 Table 5-Occurrence of brachiopod species at Coyote Spring by collection. 
e  i  j  k  t  w  y  z  cll  VII  LII nil  q11 total species 
Procerispifier coyotespringense  9  3  15  2  29 
1 Schizophoria sp.	 
1 
Crinisarina angelicoides  11  1  2  14 
1 15 9 2  27 Cyrtospirifer sp.  1  2 
2 9 Diachacenia? sp.  3  2  2 
Praewaagenoconcha sp.  1  1  2 
1 1  1 Ptychomaletoechia summa 
P. sp. 
Parapugnax bactrianense 
1  1 
Procerispirifer pahranagatense  11  11 
5  5 Cyrtospirifer? sp. 
1 1	  2 Rugalatarunstrum glabraventra 
2  1	 11 8 Crinisarina reticulata 
Crurthyris fissa  u  a 
3 16  9  2 116 12 14 17  6  2  3 17 15  3 total 
cephalopods 
1	  1  
3  gastropods	  2  1 
1 1 corals 
0) 62 
zonable. This section, however contains Procerispirifer coyotespringense 
and Crinisarina angelicoides, which are from the Cyrtospirifer 
dutchjohnense-Procerispirifer keleticus Community that occurs in the Middle 
to Upper crepida Zones. The next part of this section consists of about 100 
feet (30m) of nodular, thin-bedded, silty limestone from the Lower 
rhomboidea Zone. No brachiopods were found in this interval. Just above 
this interval and still in the Lower rhomboidea Zone and in some beds of the 
Upper rhomboidea Zone and Lower marginifera Zone Cyrtospirifer sp., 
Crurithyris fissa, Crinisarina reticulata, Rugaltarostrum glabraventra, 
productids, and rhynchonellids were collected. These beds are all assigned 
to the Crinisarina reticulata fauna. The Pilot Shale is represented by a 
massive yellow-weathering siltstone that contain Crurithyris fissa, 
Cyrtospirifer sp., and Crinisarina reticulata. These beds are also assigned to 
the Crinisarina reticulata fauna. Again the Joana Limestone caps the hill. 
The Coyote Spring section is interesting in a number of ways. First 
there are no Procerispirifer keleticus or Cyrtospirifer dutchjohnense from the 
Cd-Pk fauna. There are, however, many Procerispirifer coyotespringense, a 
rare element in collections from the other sections. This is also the only 
section where a Cyrtospirifer and a Ptychomaletoechia sp. occur with the 
Crinisarina reticulata Community. And lastly, this site has the thickest deposit 
of West Range Limestone from the marginifera Zone. 63 
SHELL CREEK RANGE 
Sidehill Pass measured section (SHP) 
total thickness 
West Range Limestone:  221 feet (67m) 
Pilot Shale:  96 feet (29m) 
At the Sidehill Pass section (Fig. 11) the West Range Limestone and 
Pilot Shale are present both north and south of the dirt road that extends over 
Sidehill Pass. This section was measured on the north side of the road and 
starts on a small flat plateau on a finger-like projection of the Schell Creek 
Range and finishes just above the steep float-covered slopes of the Pilot 
Shale at the base of the Joana Limestone that forms a cliff face above this 
steep slope. The Sidehill Pass section has good exposures and many beds 
with abundant fossils. 
The lowest beds of the West Range Limestone rest on the dolomite 
facies of the Guilmette Formation and are made up of massive micrite 
limestone and contain a few Uchtospirifer and Cyrtospirifer. Above these first 
10 feet (3m) of the section are nodular beds of limestone that contain a 
diverse set of brachiopods. These include: Procerispirifer keleticus, 
Crinisarina angelicoides, Ptychomaletoechia sp., Floweria magnacicatrix, 
and productids (Table 6). This is a well-exposed and prolific example of the 
Cyrtospirifer dutchjohnense-Procerispirifer keleticus Community. One 
sampled bed, SHP-e, has the same remarkable abundance of Procerispirifer 
keleticus, Ptychomaletoechia sp., and Crinisarina angelicoides as collection 
GAP-a. Above this 30 foot (9m) interval is a 105 foot (32m) thick interval 
where no brachiopods were collected or observed. This interval is made up --
64 
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Figure 11. Sidehill Pass measured section. Section of West Range 
Limestone and Pilot Shale from Lincoln County, Nevada. (See key on page 
70). Table 6-Occurrence of brachiopod species at Sidehill Pass by collection. 
species  a c  d d2 e  f  h  k  I  n  m o  p  q totals f-g 
Uchtospirifer sp. 2  6  11  17 
Crinisarina angelicoides  5  40  4  2  11  4  48  58  1  173 
8  1  3 12 
Douvillina? sp.  8  8 
Diachacenia? sp.  1  1  2  3  9  11  27 
Praewaagenoconcha sp.  3  1  8  12 
Ptychomaletoechia sp. cf. P. contractiformis  60  15  3  78 
Procerispirifer kelecticus  1  35  34  4  1  75 
Cyrtospirifer dutchjohnense  2  5  7 
Ptychomaletoechia sp.  126  126 
Floweria magnacicatrix  1  2  1  4  1  14  23 
Rugaltaromstrum glabraventra  20  39  3  2  6  70 
Procerispirifer coyotespringense  1  2  2  5 
Ptychomaletoechia summa 
C. reticulata 
1  1 1  1 4 
Procerispirifer pahranagantense  1  24  7  1  2  4  39, 
Parapugnux bactrianese  13  13 
Cruithyris fissa  u  u c 
totals  8  6 106 23 168  56 15 73 82  2 21 88  11  1  6 23  689 
gastropods  1  1  1  1  4 
cephalopods  1  1  2 
pelecypods  1  2  3 66 
of thick beds of limestone and nodular limestone. Above this interval the 
limestone is clayey and thin-bedded with only a few fossils present, but still 
good exposure. At the top of this 70 foot (21m), thin-bedded interval is 5 feet 
(1.5m) of very fossiliferous clayey limestone containing: Procerispirifer 
pahranagatense, Crinisarina reticulata, Parapugnax bactrianense, 
Rugaltarostrum glabraventra, and  Crurithyris fissa. These brachiopods form 
the Crinisarina reticulata Community. Above this is a steep change in slope 
and the contact with the Pilot shale, which is a yellow-weathering, thin-
bedded siltstone and shale covered with float and poorly exposed in most 
areas. This interval of shale is 60 feet (18m) thick and above this is a 10 foot 
(3m) thick outcrop of very dense, clayey limestone that contains some fossils 
from the  Crinisarina reticulata Community including:  Procerispirifer 
pahranagatense, Rugaltarostrum glabraventra, and  Crinisarina reticulata. 
Above this interval the slopes are covered by Joana Limestone and Pilot 
Shale float for 30 feet (9m). The cliff-face outcrop of the Joana Limestone 
then towers over the slope-forming Pilot Shale. 
DUTCH JOHN MOUNTAIN 
Dutch John Mountain measured section (DJM) 
total thickness 
West Range Limestone:  224 feet (68m) 
Pilot Shale:  160 feet (49m) 
At the Dutch John Mountain location near the southern end of the 
mountain a small valley on the east side of the mountain is the access to this 67 
section. The steep valley walls are banded with cliff-forming outcrops of 
dolomite and limestone. The southern side of the east-west trending valley is 
the location of the Dutch John Mountain section (Fig. 12). The valley wall is 
mostly made up of the dolomitic facies of the Guilmette Formation. Halfway 
up the steep valley wall is the boundary between the West Range Limestone 
and Guilmette Formation. It occurs in the middle of a prominent cliff-forming 
outcrop. This cliff can be seen from highway 93 as a white band of limestone 
approximately half way up Dutch John Mountain. It is difficult to locate the 
exact contact between the West Range Limestone and the Guilmette 
Formation, but there is a color change between the light gray to white-
weathering, black micrite of the West Range Limestone and the brown, 
molted-pattern of the dolomite. There is a poorly fossiliferous bed of solitary 
rugose corals and Cyrtospirifer brachiopods near the base of the West 
Range Limestone. 
The first part of the section at Dutch John Mountain is a cliff-forming 
massive micrite limestone at the base of the West Range Limestone with only 
a few fossils in it including solitary rugose corals and Cyrtospirifer 
dutchjohnense. This 35 foot (11m) interval of poorly fossiliferous limestone is 
succeeded by a second cliff. This second cliff of limestone is filled with fossils 
from the Cd-Pk Community. The lower part of this cliff is a 35 foot (11m) thick 
interval filled with Cyrtospirifer dutchjohnense exclusively. Above this 35 foot 
(11m) interval the brachiopod fauna becomes more diverse with Floweria 
magnacicatrix, Crinisarina angelicoides, Procerispirifer keleticus, and 
Ptychomaletoechia sp.. There is again a Procerispirifer keleticus, Crinisarina 
angelicoides, and Ptychomaletoechia sp. packed biomicrite (collection DJM-
ii, Table 7) the same as collections SHP-e and GAP-a. Above this the 68 
formation is less exposed with thinner beds, no cliffs, and more beds of less 
resistant siltstone and argillaceous limestone. The Pilot Shale is poorly 
exposed and its slopes are covered in Pilot Shale and Joana Limestone 
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Figure 12. Dutch John Mountain measured section. Section of West Range 
Limestone and Pilot Shale from Lincoln County, Nevada. (See key on page 
70.) 70 
Key to Figures 6-12. 
Explanation to measured section columns. 
Less resistant shale, mudstone, and argilaceous limestone 
Resistant limey siltstone and shale 
thl=/  C 71700 001:11C Clayey limestone nodular thin bedded 31700
2:117011C 7000 000C 
Resistant sandy limestone and massive micrite 
Pelmicrite and associated sandstone beds 
Sandstone 
UcZ Upper crepida Zone 
LrZ Lower rhomboidea Zone 
Dolomite  UrZ Upper rhomboidea Zone 
Chen and limestone 
+ indicates sample was processed for conodonts Table 7-Occurrence of brachiopod species at Dutch John Mountain by collection. 
species  rg-01  a  a'  d  e  g  h  i  ii  j total 
Cyrtospirifer dutchjohnense  11  10  5  78  89  4  39  1  2  239 
Crinisarina angelicoides  3  8  14  32  57 
Diachacenia? sp.  1  3  13  18 1 
Praewaagenoconcha sp.  4  4 
Ptychomaletoechia sp. cf. P. contractiformis  1 1 
Floweria magnacicatrix  3  10  2  11  26 
Ptychomaletoechia sp.  126  126 
Procerispirifer keleticus  50  50 
total  14  11  5  79  92  4  56  19  192  49 521 
corals  3  3 
gastropods  2  2  4 
cephalopods  1 1 72 
PALEONTOLOGY  
INTRODUCTION 
The term community has been used to describe many different 
concepts in many different fields. In this paper community will be defined as a 
group of fossils found together and presumed to have lived together. This 
definition is more fully described by Johnson and Niebuhr (1976) and 
patterns of community evolution and distribution are discussed. This paper 
reports on brachiopod communities of the Lower Devonian pinyonensis 
Zone in central Nevada. Johnson and Niebuhr show that the brachiopod 
communities migrated in a regular, non-random pattern within the 
pinyonensis Zone. These patterns are based on water-depth, temperature, 
salinity, current action, and energy levels. Each individual community can 
exist only within a specific environment. When this specific environment is 
lost a new community will form and extinction or adaptation takes place. Little 
evolution was reported while a constant or fairly constant environment 
remained in the area. Speciation events occurred at the termination of the 
communities specific or most favorable environment. The communities 
migrated as their environment migrated; extinction and evolutionary events 
commonly occurred at the disappearance of the community's environment. 73 
BRACHIOPOD FAUNAS OF THE WEST RANGE LIMESTONE 
There are two brachiopod communities represented in the West Range 
Limestone, the Cyrtospirifer dutchjohnense-Procerispirifer keleticus 
Community and the Crinisarina reticulata Community. The Cd-Pk Community 
can be divided into two parts, a sub-community dominated by Cyrtospirifer 
dutchjohnense and the more diverse Cd-Pk Community with Procerispirifer 
keleticus. The Cd-Pk Community occurs in the lower portion of the West 
Range Limestone, in the first 10-100 feet (3-30m). It is best displayed at 
Dutch John Mountain and Sidehill Pass, but is present at Gap Mountain, 
Coyote Spring, Alamo, and Bactrian Mountain. This community is restricted 
to the Middle and Upper crepida Zone. The second community of 
brachiopods in the West Range Limestone, the Crinisarina reticulata 
Community, occurs near the top of the formation and may extend into some 
limestone benches of the lower member of the Pilot Shale. This community is 
best exposed at Bactrian Mountain and Sidehill Pass, but also present at 
Coyote Spring, Alamo, and Fox Mountain. This fauna ranges across the 
Lower rhomboidea Zone, the Upper rhomboidea Zone and the Lower 
marginifera Zone. 
In every section there is an interval where no brachiopods were 
collected or observed. This brachiopod-barren interval of rock occurs in the 
Upper crepida Zone or the Lower rhomboidea Zone or both and always 
between the Cyrtospirifer dutchjohnense-Procerispirifer keleticus Community 
and the Crinisarina reticulata Community. There is no sudden change in 
lithology that marks this zone and crinoid columns are present throughout the 
West Range Limestone. The reason for this absence of brachiopods in this 74 
zone is not clear and may be related to migration, lack of preservation, or 
some change in the environment not observed in the rock record. 
Each of these communities inhabits a particular lithofacies or 
environment. The Cd-Pk Community is associated with a relatively more 
shallow water, silty to sandy environment in the Pilot Basin, while the 
Crinisarina reticulata Community is associated with a deeper water, clayey 
environment. Depth indicators used to place the Cd-Pk Community in a 
shallower water environment include: larger grain size of terrigenous 
material in the limestone, Polygnathus biofacies conodonts that occur with 
these brachiopods, and Cruziana ichnofacies (Seilacher, 1967) trace fossils. 
Evidence used to place the C. reticulata Community in a deep-water 
environment include: clayey laminated limestone, Palmatolepis biofacies 
conodonts that occur with these brachiopods, and interbedded siltstone and 
mudstone. These communities also correlate from section to section and 
occur in the same conodont zones in every section measured. This allows 
these brachiopod communities to be used as a rough biostratigraphic tool. 
The Cyrtospirifer dutchjohnense-Procerispirifer keleticus Community 
The oldest brachiopod community in the West Range Limestone is the 
most diverse consisting of some nine genera of brachiopods, including a 
diverse set of cyrtospiriferid (Uchtospirifer, Cyrtospirifer, and Procerispirifer). 
This community can be divided into two parts, a Cyrtospirifer dutchjohnense 
sub-community that Cyrtospirifer dutchjohnense dominates and a diverse 75 
community with a wealth of different genera. This community includes the 
following brachiopods: 
Procerispirifer keleticus 
Crinisarina angelicoides 
Cyrtospirifer dutchjohnense 
Procerispirifer coyotespringense 
Uchtospirifer sp.1 
Uchtospirifer sp.2 
Floweria magnacicatrix 
Ptychomaletoechia sp. cf. P. contractiformis 
Ptychomaletoechia sp. 
Schizophoria sp. 
Dichacaenia? sp. 
Douvillina? sp. 
This community of brachiopods varies in the dominant species from 
sample to sample, but it is still a combination of these nine genera that make 
up this brachiopod fauna. 
The Cyrtospirifer dutchjohnense sub-community is best represented at 
Dutch John Mountain with 15 feet (4.5m) of black micrite limestone that 
weathers a white-gray to dull yellow color. It is made up of Cyrtospirifer 
dutchjohnense almost exclusively. The lithotype of this sub-community is 
distinct from the Cd-Pk Community's lithotype. The limestone is a very dark, 
near black, micrite that is very dense, and has less silt and fine sand size 
terrigenous material than in the nodular very silty limestone of the Cd-Pk 
Community. This micrite forms thick 2-4 foot (1m) beds with little evidence of 
bioturbation. The micrite also has coarser and more abundant pseudospar 
crystals and some dolomite rhombohedrons due to diagenetic processes. 
There are traces of this sub-community at Sidehill Pass, Bactrian Mountain, 
Alamo, and Coyote Spring. However, it is not nearly as developed at these 
localities as it is at Dutch John Mountain and is represented only by a few 
feet of this black limestone and fragments of Cyrtospirifer and Uchtospirifer. 76 
The Cd-Pk Community is more diverse. This community occurs in a 
silty to sandy limestone. This limestone is commonly black, but sometimes 
yellow to tan in color. It is generally siltier and has thinner, nodular beds 
compared with the massive micrite limestone of the Cyrtospirifer 
dutchjohnense sub-community. Traces of burrowing and tracks are present 
and in general, the limestone is heavily bioturbated suggesting a well 
oxygenated substrate. This community is well-represented at Sidehill Pass 
and Dutch John Mountain and is recognized at Bactrian Mountain, Alamo, 
and Gap Mountain. At the three most northern sections measured (Dutch 
John Mountain, Sidehill Pass, and Gap Mountain) there is a marker bed of 
three very round brachiopods (Ptychomaletoechia sp., Crinisarina 
angelicoides, and Procerispirifer keleticus) that form a packed biomicrite, 
almost a coquina of whole, articulate shells. Above this bed the Cyrtospirifer 
dutchjohnense-Procerispirifer keleticus Community gradually diminishes 
until only very patchy or even isolated brachiopods can be found. This is 
especially true at Coyote Spring, where the Cyrtospirifer dutchjohnense-
Procerispirifer keleticus Community is not well-developed, but its member 
brachiopods occur as isolated specimens in many limestone benches. 
Farther to the south at Bactrian Mountain and Alamo this community is 
present only near the very bottom portion of the West Range Limestone and 
is not as abundantly preserved as in the northern sections. At Alamo a bed of 
very diverse and physically large brachiopods exists with the largest 
specimens of Procerispirifer found in this collection. Above this bed is a 
yellow, silty limestone with a unique set of very small brachiopods from the 
Cyrtospirifer dutchjohnense-Procerispirifer keleticus Community. This bed 
contains Schizophoria sp. and besides a very similar collection made from 77 
Bactrian Mountain (BM-3) and one isolated specimen collected at Coyote 
Spring it is the only occurrence of this genus in the West Range Limestone. 
The Crinisarina reticulata Community 
This community was reported and described by Johnson, Reso, and 
Stephens (1969). This community is made up of: 
Crinisarina reticulata 
Rugaltarostrum glabraventra 
Procerispirifer pahranagatense 
Parapugnax bactrianense 
Crurithyris fissa. 
Praewaagenoconcha sp. 
It occurs near the top of the West Range Limestone in shaly limestone beds 
that are interbedded with mudstone, siltstone and shale and in clayey 
limestone and siltstone beds in the Pilot Shale that are isolated by fossil-
barren limy shale and mudstone. Brachiopods from this community are found 
in laminated clayey limestone and siltstone beds representing a quiet water 
environment with little bioturbation indicating a poorly oxygenated substrate. 
This community ranges from the Lower rhomboidea Zone to the Lower 
marginifera Zone. This community is best represented at Bactrian Mountain 
and Sidehill Pass, but is recognized at Coyote Spring, Alamo, and Fox 
Mountain. This community is less diverse than the Cyrtospirifer 
dutchjohnense-Procerispirifer keleticus Community and the physical size of 
the brachiopods is smaller than the Cd-Pk Community. 78 
CONODONT BIOFACIES IN THE WEST RANGE LIMESTONE 
In the conodont collections made from West Range Limestone 2 or 
possibly 3 different conodont biofacies are recognized by Klapper (written 
communication, 1994)). These include the deeper water Palmatolepis 
biofacies and the shallower water Polygnathus biofacies and possibly the 
wolskae biofacies, which occupies an environment similar to that of 
Polygnathus biofacies, but is dominated by one species, Palmatolepis 
wolskae and are analagous to Frasnian faunas dominated by Pa. 
semichatovae (Klapper, written communication, 1994). The shallow water 
Polygnathus and Wolskae biofacies occurs only in collections with the Cd-Pk 
Community. These include the more northern and eastern sections (Gap 
Mountain, Sidehill Pass, and Dutch John Mountain) where the Cd-Pk 
Community is very prolific and abundant. The Polygnathus biofacies is 
replaced in the Sidehill Pass section by the Palmatolepis biofacies in the 
upper part of the formation. It is not possible to determine if this is the case for 
the other two northern sections, because no conodont samples were taken 
from the upper West Range Limestone at these locations. In the Southern 
sections the Palmatolepis biofacies is present through out the West Range 
Limestone, except at AL-c where there is some question about the conodont 
biofacies assignment. Collection AL-c is 3 feet (1m) above AL-b, the best 
example of the Cd-Pk Community in the southern sections. Collections AL-b, 
AL-c, and Al-d all contain Palmatolepis wolskae and it may be possible that 
this represents the wolskae biofacies, but more collections and work is 
needed in this area. The conodont biofacies correlate well with the 79 
hypothesis that the Cd-Pk Community is a shallower water community that 
was replaced in the West Range Limestone by a deeper water Crinisarina 
reticulata Community, just as the Polygnathus biofacies was replaced by the 
Palmatolepis biofacies. 
BRACHIOPOD FAUNAS FROM THE UPPER PILOT SHALE:  
Syringothyris FAUNA  
This fauna is made up of Syringothyris sp., Rhipidomella sp. cf R. 
missouriensis, Schuchertella lens, Retichonetes sp., and a small 
Sinotectirostrum or Ptychomaletoechia. It was found and described at 
Bactrian Mountain by Johnson and Reso (1966) and at Fox Mountain in this 
study. It generally occurs in a very dense sandy and silty limestone or limy 
siltstone that is a yellow-tan color. The fossils have a purple-red coloring and 
there is some replacement of the brachiopod shell material by silica. The bed 
the fauna occurs in at Fox Mountain section is about 1 foot (0.3m) thick. 
There are signs of transportation and sorting of the fossils including: 
disarticulate shells, poor preservation, and shells located only on the surface 
of a bedding plane. The conodonts associated with this bed at Fox Mountain 
are Mississippian age. 
The age of this fauna is of interest and questionable, because 
Johnson and Reso (1966) report this fauna from Bactrian Mountain at 240 
feet (73m) below the Joana Limestone. Sandberg, Poole, and Johnson 
(1989) report the Syringothyris fauna from Leatham Member of the Pilot 
Shale (from 7 separate localities in Nevada and Utah including Bactrian 80 
Mountain and Alamo), the Middle member of the Bakken Formation in North 
Dakota and the Upper part of the Sappington Member of the Three Forks 
Formation in Montana. All of these collections were found to be from the 
Middle Siphonodella praesulcata Zone. It is possible that the collection from 
the Fox Mountain section is made up of reworked fossils from the praesulcata 
Zone that were redeposited with Mississippian conodonts. It is also possible 
that the Syringothyris fauna extended into the Mississippian. 81 
SYSTEMATIC PALEONTOLOGY  
CLASS ARTICULATA  
ORDER ENTELETIDAE 
Superfamily ENTELETACEA Waagen, 1844  
Family SCHIZOPHORIIDAE Schuchert and Levene, 1929  
Subfamily SCHIZOPHORIINAE Schuchert and Levene, 1929  
Genus SCHIZOPHORIA W. King, 1850  
Schizophoria sp. new species  
Plate 1, Figures 1-5  
Small for its genus it has a wider than long oval outline, lenticular in 
shape. Greatest width is at the midlength. In lateral profile it is biconvex with 
the dorsal valve slightly more convex than the ventral valve, which flattens 
out near the anterior edge of the shell. The ventral valve has a broad sulcus 
starting at or near the midlength of the valve and occupying almost half of the 
anterior edge of the valve. Flanks bounding the sulcus are flat and plications 
marking the edge of the sulcus are absent. Towards the anterior edge, the 
ventral valve is weakly biconvex to flat. The dorsal valve has a greater 
convexity, that does not change at the anterior edge of the shell. Anterior 
profile of the dorsal valve is of a gentle rounded dome. The fold is present 
only as a rounded re-entrant in the anterior commissure. The umbonal and 
median region are inflated. Cardinal extremities are well-rounded and 82 
obtuse. The interarea is steeply apsacline, slightly curved, and forms an 
obtuse triangle. The anterior commissure is broadly uniplicated. External 
ornamentation consists of fine costellae evenly spaced across the shell. 
Measurements.-Table 8. 
Diagnosis.-Small size, fine costellae, broad sulcus, obtuse interarea, and 
lenticular shape. 
Comparison.-Similar to S. simpsoni (Merriam, 1940) only about half the size 
and better developed sulcus. It is very similar to the small specimen of S. lata 
figured by Cooper and Dutro (1982, p1.3, figs. 6-10) and may be a juvenile 
form of S. lata; the largest specimen in this collection is smaller than any 
listed by them. 
Table 8- Dimensions of Schizophoria sp. in millimeters. 
Specimen  Length  Width  Height 
AL-d-3  11  13  7 
BM-3-1  9  12  6 
AL-d-1  8  10  5 
AL-d-4  12  14  8 
AL-d-2  10  12  6 
BM-3-2  10  12  7 
BM-3-3  11  14  8 
BM-3-4  12  14  8 
AL-d-5  13  15  8 
Superfamily RHIPIDOMELLACEA Alichova, 1960  
Family RHIPIDOMELLIDAE Schuchert, 1913  
Genus RHIPIDOMELLA Oehlert, 1890  83 
Rhipidomella sp. cf. R. missouriensis Swallow, 1860 
Only a few of these species were collected from Bactrian Mountain 
and Fox Mountain and preservation is not good. Medium to small for genus 
with a sub-oval outline elongated transversely. The lateral profile is biconvex. 
The greatest width is at the midlength. There is no sulcus, but at the anterior 
edge the ventral valve is flat, while the dorsal valve is convex. The anterior 
commissure is rectimarginate. The beak is incurved and the interarea is 
small and apsacline. External ornamentation consists of concentric growth 
lines that are well-defined crossed by well-defined radial costellae creating a 
criss-crossing pattern. 
Diagnosis.-Slightly longer than wide, oval outline, flat shell, and unique criss-
cross ornamentation. 
Comparison.- Specimen figured by Johnson and Reso (1966, p1.14, figs. 1-5) 
matches these specimens. 
ORDER STROPHOMENIDA 
Suborder STROPHOMENIDINA Opik, 1934  
Superfamily STROPHEODONTACEA Sokolskaya, 1960  
Family STROPHEODONTIDAE Caster, 1939  
Subfamily DOUVILLININAE Caster, 1939  
Genus DOUVILLINA Oehlert, 1887  84 
Douviffina? sp. new species 
Plate 2, Figures 1-5 
This is a medium size species for the genus. It has a trapezoidal 
outline and long straight hinge line with cardinal extremities that form the 
greatest width of the shell and are somewhat rounded. The lateral profile 
displays a strongly convex ventral valve and a strongly concave dorsal valve. 
There are flat triangular ears and no hint of a sulcus or fold. The interarea is 
anacline to orthocline. The beak is swollen. The external ornamentation 
consists of thick, wide-spaced, costae on the ventral valve. 
Measurements.-Table 9. 
Diagnosis.-Thick radial costae, large size, trapezoidal outline, and concave-
convex profile. 
Comparison.- Larger than most of the Douviffina species figured by Cooper 
and Dutro (1982, p. 52-53, p1.8-9), except D. arcuata which is still smaller and 
has more closely spaced costae. 
Table 9-Dimensions of Douviffina? sp. in millimeters. 
Specimen  Length  Width  Height 
AL-b-1  12  18  6? 
AL-b-2  18  24*  7 
AL-b-3  20  22  7? 
AL-b-4  21  25  8? 85 
Family uncertain  
Genus FLOWERIA Cooper and Dutro, 1982  
Floweria magnacicatrix Cooper and Dutro, 1982  
Plate 1, Figures 6-13  
This is a medium size species for the genus and has a semicircle to 
quadrate outline with a long, straight hinge line. Greatest width is at or 
slightly anterior of midvalve. The valves are unequally biconvex with the 
dorsal valve having the greater convexity and the ventral valve only slightly 
convex, at the umbo, and becoming flat or slightly concave near the anterior 
edge. The cardinal extremities are obtuse and rounded. The ventral interarea 
is apsacline, long, and flat. There is a broad sulcus not defined by plications 
and making up half of the anterior margin. The sulcus starts at midlength of 
the shell and is not well-developed in younger specimens. 
External ornamentation consists of radial costellae distributed evenly 
over the shell, the costellae are very fine, and are unequal in size, with three 
intercalated costellae between every two costae. Costae pairs are split by a 
first order costellum and each costae-first order costellae pair is split by a 
second order costellum in a parvicostellate pattern. The costae and costellae 
are separated from each other by spaces wider than the costellae. 
Concentric growth lines are present, but are broad and poorly developed. 
Measurements.-Table 10. 
Diagnosis.-Large size, costellae pattern, wide oval outline, broad sulcus, and 
convex dorsal valve. 86 
Comparison.-This species differs from S. lens figured by Johnson and Reso 
(1966), S. percha, and S. resupinata figured by Cooper and Dutro (1982, Pl. 
10) in having a convex dorsal valve and a sulcus. This species is similar to 
Floweria prava, and F. transversalis figured by Cooper and Dutro (1982, 
PI.10), but differs by having a more prominent fold and sulcus and stronger 
ornamentation. 
Table 10-Dimensions for Floweria Magnacicatrix in millimeters 
Specimen  Length  Width  Height 
SHP-h-1  13  14*  5 
SHP-h-2  20  24  6 
SHP-h-3  24  30  9 
DJM-j-1  13  18  5 
DJM-j-2  16  21  6 
DJM-j-3  16  25  5 
AL-b-4  16  23  5 
Superfamily DAVIDSONIACEA W. King, 1850  
Family SCHUCHERTELLIDAE Williams, 1953  
Subfamily SCHUCHERTELLINAE Williams, 1953  
Genus SCHUCHERTELLA Girty, 1904  
Schuchertella sp. cf. S. lens (White, 1862) 
Only a few of these were collected in the Pilot Shale and they are 
poorly preserved. They are flatter and smaller than Floweria magnacicatrix 
and do not have a sulcus. The dorsal valve is not as convex and the ventral 87 
valve has more convexity. The outline is more quadrate and not as round as 
Floweria magnacicatrix.  
Diagnosis.-Concave dorsal valve, fine radial costellae, and flat,  
subrectangular shell.  
Comparison.-Specimens figured by Johnson and Reso (1966, p1.14, figs. 6-
11) match these specimens.  
Suborder CHONETIDINA Muir-wood, 1955  
Superfamily CHONETACEA Bronn, 1862  
Family CHONETIDAE Bronn, 1862  
subfamily DEVONOCHONETINAE Muir-Wood, 1962  
Genus RETICHONETES Muir-Wood, 1962  
Retichonetes sp. 
Only a few specimens of this species have been collected at Bactrian 
Mountain and Fox Mountain. Preservation is poor at both of these collection 
sites. The species is small and has a rectangular outline with a concave-
convex lateral profile. Greatest width is at or near hinge line, and cardinal 
extremities are rounded. Inflated beak and median area. External 
ornamentation consists of fine radial costellae. 
Diagnosis.-Very small size, concave-convex profile, and radial costellae. 
Comparison.-The specimen figured by Johnson and Reso (1966, p1.14, fig. 
12) matches these specimens. 88 
Suborder PRODUCTIDINA Waagen, 1883  
Superfamily STROPHALOSIACEA Schuchert, 1913  
Family STROPHALOSIIDAE Schuchert, 1913  
Subfamily STROPHALOSIINAE Schuchert, 1913  
Genus DICHACAENIA Cooper and Dutro, 1982  
Dichacaenia? sp. new species  
Plate 2, Figures 6-10  
This is a large species with a quadrate outline and greatest width at 
the hinge line. Lateral profile displays a convex ventral valve and a concave 
dorsal valve. Interarea is present and small with bilobate cardinal process. 
There are large, well-defined ears and external ornamentation consists of 
concentric rugae and concentrically arranged spines broadly spaced over 
the ventral valve. Two specimens show evidence of spines on the dorsal 
valve which also has some concentric ornamentation, but it is not as 
developed as on the ventral valve. 
Measurements.- A large complete specimen (SHP-d2-1): length=34mm, 
width =42mm, and height.-11mm. 
Diagnosis.-Large size, concave-convex shell, only moderately convex 
ventral valve, and sparse spine ornamentation. 
Comparison.- This species has fewer spines and is much larger than 
Praewaagenoconcha sp. This species is similar to D. umbonata and D. 
perplexa (Cooper and Dutro, 1982, pl. 12, figs. 41-55), but is much larger. 89 
Superfamily PRODUCTACEA Gray, 1840  
Family PRODUCTELLIDAE Schuchert, 1929  
Subfamily PRODUCTELLIDAE Schuchert, 1929  
Genus PRAEWAAGENOCONCHA Sokolskaya, 1948  
Praewaagenoconcha sp. Johnson, Reso, and Stephens, 1969 
This is a small species for the genus and strongly concave-convex. 
Greatest width is at the hinge line. The cardinal extremities are almost at a 
right angle. There are small, flat ears. External ornamentation consist of 
numerous, concentrically arranged spines and concentrical rugae that are 
thick and closely spaced. 
Diagnosis.-Small size, numerous spines, and concentric rugae, and 
concave-convex shell. 
Comparison.- Specimens figured by Johnson, Reso, and Stephens (1969, 
p1.157, figs. 19-24) match these specimens. 
ORDER RHYNCHONELLIDA 
Superfamily CAMAROTOECHIACEA Schuchert and Levene, 1929  
Family TRIGONIRHYNCHIIDAE McLaren, 1965  
Genus PTYCHOMALETOECHIA Sartenaer, 1961  90 
Ptychomaletoechia sp. cf. P. contractiformis Sartenaer, 1969  
Plate 3, Figures 1-15  
This is a small specimen found only at SHP-d with some possible 
juvenile forms found at BM-3 and AL-d. The commissure extends out from the 
shell and is deflected in a zigzag manner by costae. The sulcus and fold are 
sharp and start at about midlength. There is an inflated ventral umbonal 
region, the beak is erect, and covers the interarea and crosses over the 
commissure line. There is a median septa (Fig. 13). External ornamentation 
consists of regular costae strongly developed. Three costae in the sulcus and 
4 costae on the fold with 5 costae on the ventral flank and 5 on the dorsal 
flank is the most common pattern. Costae begin at the beak, but are either 
poorly developed near the beak or worn away. 
Measurements.-Table 11. 
Diagnosis.-Small size, large costae, and well-developed sulcus. 
Comparison.-This species is very similar to P. contractiformis figured by 
Sartenaer (1969, pl. 15, figs. 1-3 and 5-9), but differs by having slightly more 
costae on the fold and sulcus 3/4 instead of 2/3. Figure 13. Serial sections of Ptychomaletoechia sp. cf. P. contractiformis. Sections are drawn 
from acetate peels x5.9. Measured positions of sections are in millimeters. 
(r) 92 
Table 11-Dimensions for Ptychomaletoechia sp. cf. P. contractiformis in 
millimeters. 
Specimen  Length  Width  Height 
SHP-dl  10  10  7 
SHP-d-2  9  11  8 
SHP-d-3  10  11  8 
SHP-d-4  10  12  8 
SHP-d-5  10  13  8 
SHP-d-6  10  14  8 
Ptychomaletoechia sp. Niebuhr II, 1980  
Plate 3, Figure 11-15 (flat form)  
Plate 4, Figures 1-5 (elongate form)  
This is a medium to large species, with two basic forms; an elongate 
form and a flat form. The dorsal valve is strongly convex and the ventral valve 
is moderately convex in the short form and strongly convex in the elongate 
form. The sulcus is broad and flat with sharp sides. Both have a median 
septum (Fig. 14-15). Both have strongly developed costae with 3. costae in 
the sulcus and 3 on the fold and 5 on each ventral valve flank and 5 on each 
dorsal valve flank. The commissure is deeply indented by the costae, which 
originate near the beak. The fold and sulcus also start closer to the beak than 
normal for this genus. The fold and sulcus are poorly developed in some 
specimens and may be lacking altogether in others. 
Measurements.-Table 12. 
Diagnosis.-Shallow and broad sulcus, larger size, and a very high shell in 
the elongate form. 93 
Comparison.-Matches specimens figured by Niebuhr (1980, pl. 2 figs. 10-
18). 
Table 12-Dimensions for Ptychoma/etoechia sp. in millimeters. 
Elongate form 
Specimens  
SHP-e-1  
SHP-e-2  
SHP-e-3  
SHP-e-4  
DJM-ii-1  
DJM-ii-2  
DJM-ii-3  
DJM-ii-4  
DJM-ii-5  
Short form 
Specimen 
SHP-e-1 
SHP-e-2 
SHP-e-3 
SHP-e-4 
SHP-e-5 
DJM-ii-1 
DJM-ii-2 
DJM-ii-3 
DJM-ii-4 
Length  
15  
15  
15  
15  
12  
13  
13  
14  
15  
Length 
11 
13 
13 
15 
15 
12 
13 
16 
16 
Width 
16 
18 
17 
16 
14 
14 
15 
16 
18 
Width 
14 
13 
14 
16 
17 
14 
14 
18 
19 
Height 
16 
16 
16 
17 
13 
14 
15 
15 
18 
Height  
10  
10  
10  
12  
13  
8  
10  
12  
16  Figure 14. Serial sections of Ptychomaletoechia sp. (elongate form) Sections are drawn 
from acetate peels x5.3. Measured positions of sections are in millimeters. Figure 15. Serial sections of Ptychomaletoechia sp. (short form) Sections are drawn 
from acetate peels x7.2. Measured positions of sections are in millimeters. 96 
Ptychomaletoechia summa Sartenaer, 1969  
Plate 3, Figures 6-10  
This species is represented by only a few specimens, however, one 
from Coyote Spring is very well-preserved. This species is larger than P. 
contractiformis and smaller than P. sp. It has more costae, 4-5 on the sulcus 
and fold and 7 on each flank, than the other Ptychomaletoechia in this 
collection. The species is also flatter than the other two species. The sulcus is 
moderately deep and well-developed. 
There are 6 specimens associated with the Syringothyris fauna of the 
Mississippian collection from Fox Mountain. Two are Ptychomaletoechia? 
summa and the others are the Sinotectirostrum? sp. figured by Johnson and 
Reso (1966, pl. 14, fig 13-22), but they might be a juvenile form of 
Ptychomaletoechia? summa. It is difficult to tell from this small collection. 
Diagnosis.-Only moderately biconvex with a flatter anterior profile, higher 
number of costae on the fold, sulcus and flanks. 
Family PUGNACIDAE Rzhonsnitskaya, 1956  
Genus PARAPUGNAX Schmidt, 1964  
Parapugnax bactrianense Johnson, Reso, and Stephens, 1969 
The species is small for the genus with a trapezoidal to triangular 
outline. The species is biconvex in latter profile with the dorsal valve strongly 
convex and in some specimens twice as deep as the ventral valve. A broad 97 
sulcus begins near midvalve and commonly has two costae, the fold has 
three costae. These deflect the commissure in a zig-zag pattern. 
Diagnosis.-Lack of a median septum and strong costae that start at 
midlength. 
Comparison.-This species differs from Rugaltarostrum glabraventra by 
lacking a median septum. Specimens figured by Johnson, Reso, and 
Stephens (1969, p1.157, figs. 1-18) match these specimens. 
Family CAMAROTOECHIIDAE Schuchert and LeVene, 1929  
Subfamily CAMAROTECHIINAE Schuchert and LeVene, 1929  
Genus RUGALTAROSTRUM Sartenaer, 1961  
Rugaltarostrum glabraventra 
The species is small in size for the genus and has a subpentagonal to 
crescent shape outline. Greatest width is near midlength. It ranges from 
equally biconvex, and almost lenticular, to unequally biconvex in lateral 
profile with the dorsal valve 2-3 times as deep as the ventral valve. The umbo 
is swollen and the beak is small and incurved. The hinge line is curved and 
obtuse. The ventral interarea is small or covered by the beak. The ventral 
valve has 3-4 costae starting from or near the beak. The outer two costae 
define the edge of the sulcus, that starts very near the anterior end of the 
shell.  In some specimens the median costae may be worn away from the 
sulcus or not present, while in others the costae are strong and well-defined 
in the sulcus. The sulcus is very steep and deflects the commissure line deep 
into the dorsal valve. The costae, worn from the sulcus or not, meet the 98 
commissure line, which is zig-zag and deflected by the costae. The fold is 
well-defined and may have 3 to 5 costae. External ornamentation consists of 
these rounded costae that increase in size towards the anterior. Interior  
dorsal shell has a thin median septum.  
Measurements.-Table 13.  
Diagnosis.-Median septa, flat profile, and strongly developed costae.  
Comparison.- Specimens figured by Johnson, Reso, and Stephens (1969,  
p1.158, figs. 1-15) and labeled Evanescirostrum glabraventra match these  
specimens.  
Table 13-Dimensions of Rugaltarostrum glabraventra in millimeters. 
Specimen  Length  Width  Height 
SHP-n1  10  13  8 
SHP-n-2  12  16  10 
SHP-n-3  12  16  11 
SHP-n-4  12  15  12 
SHP-n-5  11  16  9 
SHP-n-6  12  16  15 
SHP-n-7  15  20  10 
BM-j-1  10  11  7 
BM-j-2  11  14  8 
BM-j-3  11  12  10 
BM-j-3  12  14  11 99 
ORDER SPIRIFERIDA  
Suborder ATHYRIDIDINA Boucot, Johnson, and Staton, 1964  
Superfamily ATHYRIDACEA M'Coy, 1844  
Family ATHYRIDIDAE M'Coy, 1844  
Subfamily ATHYRIDINAE M'Coy, 1844  
Genus CRINISARINA Cooper and Dutro, 1982  
Crinisarina angelicoides (Merriam, 1940)  
Plate 5, Figures 6-15  
A round, globose, almost spherical athyridid is strongly biconvex, and 
has a strong, deep sulcus. Some smaller lenticular specimens exist. The 
dimensions for height, length, and width are close to 1:1:1, with lots of 
variation in this ratio. Both valves are strongly biconvex, cardinal angles are 
well-rounded, beak is erect and incurved, maximum width is at midlength, 
and a strong, well-rounded fold, not defined by plications, is present on 
dorsal valve. 
Discussion.-This is the oldest species in an orthogenetic sequence 
represented by C. angelicoides, C. reticulata, and C. devonica (Johnson, 
Reso, and Stephens, 1969). This form is the most spherical and deeply 
sulcatae form of the series with a trend towards a flat, lenticular shell with a 
shallow sulcus. In the collections made of C. angelicoides there are 
specimens that tend towards this lenticular form, however, the majority in 
collections of C. angelicoides are of the spherical form. These forms 100 
generally occur in the Middle to Upper crepida Zone and are often replaced 
by collections of C. reticulata in the Upper crepida Zone or rhomboidea Zone. 
Measurements.-Table 14. 
Diagnosis.-Round, spherical form, and deep sulcus. 
Table 14-Dimensions of Crinisarina angelicoides in millimeters. 
Specimen  Length  Width  Height 
SHP-g-1  11  12  11 
SHP-g-2  13  14  11 
SHP-g-3  13  13  12 
SHP-g-4  14  14  13 
SHP-g-5  13  15  15 
AL-b-1  14  13  10 
AL-b-2  18  14  13 
GAP-a-1  15  17  12 
GAP-a-2  15  17  12 
GAP-a-3  18  18  14 
DJM-i-1  12  12  9 
DJM-i-2  14  14  15 
DJM-i-3  15  16  15 
Crinisarina reticulata Stainbrook, 1947 
Plate 5, Figures 1-5 
This is the middle member of the sequence and was collected in the 
Upper crepida Zone to the marginifera Zone, but most commonly collected in 
the rhomboidea Zone. It is flatter and tends to be more lenticular then C. 
angelicoides, but has a stronger sulcus and a more deeply convex dorsal 
valve then C. devonica. Also, on well-preserved specimens the reticulate 
ornamentation is clearly visible. Again variation in form of this species tends 
towards both end members with C. devonica forms tending to be smaller 101 
than C. devonica, and the majority of specimens in a collection being flatter, 
especially the ventral valve, than C. angelicoides.  
Measurements.-Table 15.  
Diagnosis.-Flat, wide shell profile, and strong deep sulcus.  
Comparison.-This species is more lenticular than C. angelicoides, but shows  
a wide variety of forms. Matches specimens figured by Johnson, Reso and  
Stephens (1969, pl. 159, figs. 1-26) and by Cooper and Dutro (1982, pl. 26,  
figs. 31-51).  
Table 15-Dimensions of Crinisarina reticulata in millimeters. 
Specimen  Length  Width  Height 
BM-k-1  11  12  8 
BM-k-2  12  12  9 
BM-k-3  13  14  9 
BM-k-4  13  15  9 
BM-k-5  12  15  13 
BM-k-6  15  19  12 
Suborder SPIRIFERIDINA Waagen, 1883  
Superfamily CYRTIACEA Fredericks, (1919) 1924  
Family AMBOCOELIIDAE  
Genus CRURITHYRIS George, 1931  
Crurithyris fissa Johnson, Reso, and Stephens, 1969 
This is a small species with a trapezoidal to subpentagonal form in 
outline. The greatest width is just anterior to the hinge line, which is straight 
and rounded at the extremities. The species is unequally biconvex with the 102 
ventral valve at least twice as high as the relatively flat dorsal valve. The 
ventral interarea is high, flat, and apsacline. The beak is prominent and 
slightly curved beyond the hinge line. The sulcus is a narrow, thin furrow that 
starts at the beak and is poorly defined. There is no fold, but a median furrow 
on the dorsal valve very similar in size with the ventral sulcus, but more 
prominent and defined transverse than that on the dorsal valve. The 
commissure line is smooth and deflected or curved towards the ventral valve 
where the sulcus and dorsal median furrow meet. External ornamentation 
consists of very fine concentric growth lines that are only weakly visible. 
Measurements.-Table 16. 
Diagnosis.-Small size, high interarea, and median furrow on dorsal valve. 
Comparison.-This species matches specimens figured by Johnson, Reso 
and Stephens (1969, pl. 158, figs. 17-24). 
Table 16-Dimensions of Crurithyris fissa in millimeters. 
Specimen  Length  Width  Height 
BM-c-1  5  4  3 
BM-c-2  4  5  3 
BM-c-3  5  5  3 
BM-c-4  5  6  3 
BM-c-5  5  5  4 
BM-c-6  5  5  4 
BM-c-7  5  6  4 
Superfamily SPIRIFERACEA W. King, 1846  
Family SYRINGOTHYRIDIDAE Frederiks, 1926  
Subfamiy SYRINGOTHYRIDINAE Frederiks, 1926  
Genus SYRINGOTHYRIS Winchell, 1863  103 
Syringothyris sp. Johnson and Reso 1966 
This species was only collected at Fox Mountain (FM-h). All 
specimens in this collection are disarticulated valves. The shell has a much 
wider than long trapezoidal outline. The greatest width is at the hinge line 
and the cardinal extremities are obtuse and rounded. The interarea is high 
apsacline to catacline, and very flat. The beak has very little curvature. 
External ornamentation was only observed on the dorsal valve due to poor 
preservation of the ventral valves. The dorsal valve has 14 thick radial costae 
on its flanks and a well-developed fold with no costae. The ventral valve has 
a shallow sulcus. 
Comparison.-These specimens match the species described and figured by 
Johnson and Reso (1966, pl. 14, figs. 24-26). 
Family CYRTOSPIRIFERIDAE Termier and Termier, 1949  
Genus CYRTOSPIRIFER Nalivkin (in Fredericks, 1924)  
Cyrtospirifer dutchjohnense new species  
Plate 6, Figures 1-10  
A medium size species for the genus, with a trapezoidal outline, and 
greatest width at the hinge line, which is long, straight, and forms an acute 
angle at the cardinal extremities. In lateral profile it is unequally biconvex 
with the ventral valve much higher than the dorsal valve. The cardinal 104 
extremities are acute and slightly rounded to rounded in most specimens. 
The ventral interarea is long and flat with a slight curve at the beak. The 
interarea forms an obtuse triangle. The beak is prominent and erect with a 
slight curve and in complete specimens it comes to a delicate point. The 
delthyrium is high and forms a narrow, acute triangle with sides twice as high 
as wide. The anterior profile of the ventral valve starts out convex at the beak 
and then gradually becomes slightly concave at the cardinal extremities. The 
sulcus is large and deeply indented and starts at the beak. In some of the 
specimens it forms up to half the width of the shell at the anterior margin. The 
sulcus is often misshapen, curving to one side or the other. The costate are 
broader in the sulcus than on the flanks. 
The dorsal valve is convex at the beak in lateral profile becoming 
concave at the cardinal extremities. The fold is prominent and well-defined 
by plications on most specimens. External ornamentation consists of fine 
costate. 
The dental lamellae are medium length, divergent, and thick (Fig. 16). 
They start on the ridge of the sulcus and generally follow it, although they 
may curve slightly inwards across the flanking ridge next to the sulcus and 
enter the sulcus nearing the anterior end. 
Measurements.-Table 17. 
Diagnosis.- High interarea, rounded cardinal extremities, short, divergent 
dental lamellae, deep sulcus, and prominent fold. 
Comparison.-Flatter, wider, and not as round as most other cyrtospiriferids in 
this collection, also very strongly developed fold and deep sulcus. Dental 
lamellae are not as long and parallel as in Uchtospirifer and costae are 
heavier and thicker than in Uchtospirifer and Procerispirifer. This species' 105 
high interarea and somewhat rounded form differentiates this Cyrtospirifer 
from most others. It is smaller, has a higher, flatter interarea and less curved 
beak than C. portae (Merriam, 1940). It is larger, has a broader sulcus, and a 
less curved beak that C. rotundus (Cooper and Dutro, 1982)). It is more 
rounded and has a different shape outline than C. convexus (Cooper and 
Dutro, 1982). It is not as long, has a higher interarea, and a less incurved 
beak than C. alexandrae (Crickmay, 1952). 
Table 17-Dimensions of Cyrtospirifer dutchjohnense in millimeters. 
Specimen 
DJM-h-1 
DJM-h-2 
DJM-h-3 
DJM-h-4 
DJM-h-5 
DJM-d-1 
DJM-d-2 
DJM-d-3 
DJM-d-4 
DJM-e-1 
DJM-e-2 
DJM-e-3 
DJM-e-4 
Length  Width  Height  
11 18  11  
15 22  16  
15 23  16  
14 22  22  
15 29  17  
12 22  12  
12 25  16  
13 25  19  
15  25*  20  
10 20  12  
16 23  14  
15 24  14  
16*  27  18*  Figure 16. Serial sections of Cyrtospirifer dutchjohnense. Sections are drawn 
from acetate peels x5.5. Measured positions of sections are in millimeters. 107 
Cyrtospirifer sp. new species  
Plate 7, Figures 6-10  
This species is small for the genus with trapezoidal to almost an oval 
outline. Greatest width is at midvalve. Lateral profile is biconvex. Interarea is 
wider than high and the beak is curved inwards. The sulcus is deep, narrow 
and off-center. The fold is prominent and defined by plications. The dental 
lamellae are short, divergent, and outside of the sulcus. External 
ornamentation consists of radial costae. 
Measurements.- for a large specimen are: length12mm, width 20mm, and 
height 12mm. 
Discussion. There are only a few specimens of this species in this collection 
and most are small juvenile forms. All of them are from the Coyote Spring 
section in the Crinisarina reticulate Community. They are similar to 
Cyrtospirifer dutchjohnense, except that they are much smaller, have a more 
incurved beak, are more convex in anterior profile, and have a shorter 
interarea. 
Cyrtospirifer? sp. new species  
Plate 7, Figures 1-5  
Another strange and rare species from the Coyote Spring section 
occurs in only one collection, CS-y. It has a rectangular outline with its 
greatest width at the hinge line. The cardinal angle is obtuse and strongly Figure 17. Serial sections of Cyrtospirifee? sp. Sections are drawn 
a) from acetate peels x4.2. Measured positions of sections are in millimeters. 
8109 
rounded. In lateral profile it is strongly biconvex. It has a very incurved beak 
and a small interarea. There is only a slight, poorly developed sulcus and 
fold. It has divergent dental lamellae. External ornamentation consists of fine 
radial costae. 
Discussion.-This species is similar to Procerispirifer pahranagatense, but 
lacks a ctenophoridium (Fig. 17) and a has a strongly incurved beak. 
Genus PROCERISPIRIFER new genus 
This genus is similar to Cyrtospirifer, Tenticospirifer, and Uchtospirifer. 
This genus is characterized by a shallow, weakly developed sulcus and by a 
nonexistent to poorly developed fold. The dorsal valve is semicircular and 
convex, but not nearly as much as the ventral valve which is commonly twice 
as high as the dorsal valve. The genus has a high, flat, and steeply apsacline 
interarea with only a slight curve near the beak. The dental lamellae are 
short, divergent and on the outside of the sulcus. There is a weak tendency 
for this genus to have a median trough in the fold; this is very prominent in P. 
coyotespringense. The genus is rounder and lacks the deep sulcus and 
prominent fold of Cyrtospirifer, Uchtospirifer, and Tenticospirifer. The short 
dental lamellae easily separate this genus from Uchtospirifer. This species 
differs from Tenticospirifer in having a more curved beak and lacking the 
sharp, flat, cyrtina-like lateral profile. Crickmay (1952) figured Tenticospirifer 
keleticus as having long, intrasinal dental lamellae, this is questionable. 
Examination of his type species shows that it matches the outside 
appearance of specimens collected from West Range Limestone. The 110 
specimen was not scraped and the dental lamellae do appear close 
together, but how far down the valve they extend cannot be seen. Greiner 
(1973) figures one specimen of Tenticospirifer keleticus (Pl. II, fig. D) with a 
deep sulcus and prominent fold. It looks more like the type species of 
Cyrtiopsis normandvillana Crickmay. The specimen Greiner figures as 
Cyrtiopsis normandvillana (Pl. I, fig. C) is also questionable and looks more 
like Procerispirifer pahranagatense, however, no published descriptions 
accompany these figured specimens. Specimens collected in the West 
Range Limestone have short divergent dental lamellae, but a few have 
somewhat longer and more closely spaced dental lamellae. All are identified 
as T. keleticus, which is placed in Procerispirifer, which has short divergent 
dental lamellae and a prominent ctenophoridium. Cyrtospirifer breviposticus 
(Johnson, Reso, and Stephens, 1969) is also placed in this new genus. 
Procerispirifer keleticus  
Plate 8, Figures 1-10  
A small to medium size specimen with a semicircular outline and 
greatest width near the middle of the shell. In lateral profile it is unequally 
biconvex with the ventral valve higher than the dorsal valve. The cardinal 
extremities are well-rounded and obtuse. The ventral interarea is long and 
steeply apsacline. The beak is slightly curved, prominent, and erect. The 
deithyrium is narrow, long, and twice as high as it is wide. The ventral valve 
in lateral profile is convex and the sulcus is narrow, shallow, and begins at Figure 18. Serial sections of Procerispirifer keleticus (short form). Sections are drawn 
from acetate peels x3.5. Measured positions of sections are in millimeters. 112 
the beak. The dorsal valve in lateral profile is convex and the fold is 
inconspicuous and weakly developed if present. External ornamentation 
consists of very finely costate. The dental lamellae are thick, medium length 
(30-40% of shell length), divergent, and are outside of the sulcus (Fig. 18). 
Measurements.-Table 18. 
Diagnosis.-The round overall shape, fine costae, poorly developed fold and 
sulcus, and the high interarea with the slightly curving beak. 
Table 18-Dimensions of Procerispirifer keleticus in millimeters. 
Short form 
Specimen  Length  Width  Height 
SHP-f-1  12  13  9 
SHP-f-2  15  17  13 
SHP-f-3  16  17  13 
SHP-f-4  19  21  16 
SHP-f-5  19  21  17 
SHP-f-7  16  20  16 
SHP-f-6  19  23  18 
SHP-e-1  18  22  17 
SHP-e-2  16  20  15 
DJM-ii-1  12  17  12 
DJM-ii-2  13  18  13 
DJM-ii-3  14  20  15 
DJM-ii-4  19  28  19 
DJM-ii-5  12  17*  13 
DJM-ii-6  14  19  14 
AL-b-1  12  21  15 
AL-b-2  18  25  15 
AL-g2-1  14  19  15 
AL-g2-2  14  19  16 113 
Procerispirifer keleticus (elongate form)  
Plate 9, Figures 9-13  
This form is large to medium in size with a trapezoidal outline. The 
greatest width occurs near the middle of the shell. In lateral profile it is 
unequally biconvex with the ventral valve twice as deep as the dorsal valve. 
The cardinal extremities are well rounded and obtuse. The hinge line is 
straight, but short compared to Cyrtospirifer. The ventral interarea is very 
high, flat, and slightly curved near the beak. The interarea is an acute 
triangle. The beak is erect and prominent, slightly curved. The delthyrium is 
very high and narrow, twice as tall as wide. The ventral valve is large, gentle 
curving tongue, very prominent; large thick buildup of callous on beak 
extends 10-20% length of shell. In lateral profile it is convex. The sulcus is 
very slight, almost nonexistent, broad but not deep at all. The dorsal valve is 
oval to semicircular in outline. The fold is defined weakly by plications, large 
and bulbous in some specimens and almost nonexistent in others. External 
ornamentation consists of very finely costate. They are generally thicker than 
the spaces that separate them. 
The dental lamellae are short, thick, and divergent (Fig. 19). They are 
on outside of sulcus and extend 20-30% length of the shell; some specimens 
have longer lamellae which thin anteriorly and may curve inwards slightly 
towards the flat, broad sulcus. 
Discussion.-This form differs from P. keleticus (short form) by having a larger, 
more elongate form. The interarea is much higher and forms an acute 
triangle. The sulcus is broader, and both valves are more convex. This may 
be a mature adult form of P. keleticus. 114 
Figure 19. Serial sections of Procerispirifer keleticus (elongate form). 
Sections are drawn from acetate peels x2.9. Measured positions of sections 
are in millimeters. * Serial section x4.0. 115 
Measurements.-Table 19. 
Table 19-Dimensions of Procerispirifer keleticus in millimeters. 
Elongate form 
Specimen  Length  Width  Height 
SHP-e-1  15  18  19 
SHP-e-2  14  19  17 
SHP-e-3  15  19  18 
SHP-e-4  19  22  18 
SHP-e-5  17  23  22 
SHP-e-6  19  22  22 
DJM-ii-1  16  18  15 
DJM-ii-2  17  20  20 
DJM-ii-3  19  23  22 
DJM-ii-4  18  23  19 
DJM-ii-5  21  24  20 
Procerispirifer pahranagatense new species 
Plate 9, Figures 1-9 
This is a small size, pentagonal in outline Procerispirifer with its 
greatest width at its hinge line. In its lateral profile it is unequally biconvex 
with the ventral valve twice as high as the dorsal valve. The cardinal 
extremities are acute and rounded in some specimens, while others have 
long straight hinge lines with small ears or mucronated in some instances. 
The ventral interarea is long and flat with a slightly curve near the beak. The 
interarea forms an obtuse triangle. The beak is slightly curved and erect. The 
delthyrium is tall and forms a narrow acute triangle. 
The ventral valve has a truncated anterior and a lateral profile that is 
convex. The anterior profile is convex at the beak, but towards the cardinal Figure 20. Serial sections of Procerispirifer pahranagatense.  Sections are drawn 
from acetate peels x2.9. Measured positions of sections are in millimeters. 
* Serial section x3.1 117 
extremities the sides become weakly concave in some specimens. The 
sulcus is poorly defined, but deep and wide for size of species. It starts at the 
beak and costae are spaced farther apart in sulcus than on the flanks. 
Dorsal valve anterior profile is convex and in some specimens weakly 
concave near cardinal extremities. Fold is somewhat defined by plications, 
but does not raise above the smooth surface of the dorsal valve and is 
absent in some specimens. External ornamentation consist of fine costate. 
Dental lamellae are very short, thick, and divergent outside of sulcus or right 
on ridge before the sulcus (Fig. 20). 
Measurements.-Table 20. 
Diagnosis.-Small size, rounded form, small, narrow sulcus, and poorly 
developed to nonexistent fold. 
Comparisons. The specimens figured as Cyrtospirifer breviposticus 
(Johnson, Reso, and Stephens, 1969) are placed in Procerispirifer 
pahranagatense. Small size, small sulcus and poorly developed to 
nonexistent fold are clear differences between this and Cyrtospirifer 
dutchjohnense. The high interarea and slightly curved beak makes this 
species different from most other Cyrtospirifer. The small size and wider 
outline differentiates this species from other Procerispirifer. The very short 
dental lamellae are the shortest in this collection of cyrtospiriferids and easily 
separates it from the Uchtospirifer. It is very similar to Cyrtospirifer 
breviposticus figured by Cooper and Dutro (1982, Pl. 29, figs. 42-44), but 
differs by having a slightly curving beak, and a slightly more convex ventral 
valve. No internal structure information published for the Cooper and Dutro 
(1982) specimen. 118 
Table 20-Dimensions of Procerispirifer pahranagatense in millimeters. 
Specimen  Length  Width  Height 
SHP-n-1  11  17  14 
SHP-n-2  12  17  13 
SHP-n-3  9  17  13 
SHP-n-4  12  18  14 
SHP-m-1  11  16  11 
SHP-m-2  12  16  11 
SHP-m-3  13  20  14 
BM-b-1  9  11  9 
BM-b-2  10  14  10 
BM-b-3  12  15  12 
BM-b-4  12  14  10 
BM-c-1  11  16  12 
BM-c-2  12  16  12 
BM-c-3  12  17  11 
BM-c-4  12  18  9 
BM-c-5  14  18  14 
Procerispirifer coyotespringense new species 
Plate 10, Figures 1-10 
This is a small to medium size species with a semicircular outline and 
its greatest width at its hinge line. In lateral profile it is unequally biconvex 
with the ventral valve being twice as deep as the dorsal valve. The cardinal 
extremities are acute and the hinge line is long and straight. The ventral 
interarea is very large, high, and flat with a very weak curve near the beak. It 
is steeply apsacline to catacline. The beak is erect with just a slight curve. 
The delthyrium forms an almost equilateral triangle. The ventral valve in 
lateral profile is strongly convex and moderately convex in anterior profile. 
The sulcus is shallow, moderately wide, and not defined by plications. Figure 21. Serial sections of Procerispirifer coyotespringense. Sections are drawn 
from acetate peels x4.1. Measured positions of sections are in millimeters. 120 
Dorsal valve fold has a medial fold low, and not well-defined, with a 
medial trough in the fold. This trough may be very slight to well-defined and 
distinctive. External ornamentation consists of radial costae that are thick and 
heavy. The dental lamellae are medium length, thick, and divergent outside 
of the sulcus (Fig. 21). 
Measurements.-Table 21. 
Diagnosis.- Overall round form, shallow sulcus, high interarea, heavy ribbing, 
and medial trough in the poorly developed fold. 
Comparison.-The round outline, heavy ribbing, and high interarea separates 
this species from most other cyrtospiriferids. The very flat interarea, thicker 
costate, more obtuse interarea, and the medial trough separates this species 
from the other Procerispirifer. 
Table 21-Dimensions of Procerispirifer coyotespringense in millimeters. 
Specimen  Length  Width  Height 
AL-b-1  11  15  12 
AL-b-2  16  22  16 
AL-b-3  15  23  16 
Genus UCHTOSPIRIFER Lyaschenko, 1957 
Uchtospirifer species 1 new species 
Plate 4, Figures 6-10 
This is a medium to large species with a trapezoidal outline. The 
greatest width is near the middle of the shell. In lateral profile it is unequal 
biconvex with the ventral valve higher than the dorsal valve. The cardinal Figure 22. Serial sections of Uchtospirifer sp. 1. Sections are drawn 
from acetate peels x3.6. Measured positions of sections are in millimeters. 122 
extremities are slightly rounded and obtuse. The ventral interarea is a long, 
high, and flat obtuse triangle with a slight curve at the beak. It is steeply 
apsacline. The beak is prominent and erect with a slight curve. The 
delthyrium is narrow and twice as high as wide. The sulcus is prominent, 
deep, and has wider spaced costae than the flanks. The sulcus is off-center 
curving either left of right. The fold is prominent, large, and well-defined by 
plications. External ornamentation consist of fine, rounded costate, more 
delicate, deeper and, rounded than in Cyrtospirifer and Procerispirifer. The 
dental lamellae are long, parallel, thin, and inside the sulcus (Fig. 22). 
Measurements.-Table 22. 
Diagnosis.-Long, thin, and parallel intrasinal dental lamellae, rounded 
ribbing, high interarea, deep sulcus, and prominent fold. 
Comparison.- Long, thin, and parallel intrasinal dental lamellae easily 
separate this genus from any previously mentioned genus; also the unusual 
costae distinguish this genus. The high interarea and long straight hinge line, 
deep sulcus, and prominent fold and trapezoidal outline makes distinction 
possible between this species and other Uchtospirifer. This specimen is very 
similar to Spirifer rarus figured by Fenton and Fenton (1924). No internal 
information was published with this species. 
Table 22-Dimensions of Uchtospirifer sp. 1 in millimeters. 
Specimen  Length  Width  Height 
AL-d-1  7  10  7 
AL-d-2  14  18  13 
SHP-g-1  15  22  16 
SHP-g-2  16  22  19 
AL-b-1  19  30  21 123 
Uchtospirifer species 2 new species  
Plate 10, Figures 11-14  
This is a medium to large size species with a unique heart-shaped 
dorsal valve outline. The greatest width is near the middle of the valve or 
closer to the anterior end. In lateral profile it is unequally biconvex. The 
cardinal extremities are well-rounded, and obtuse with a short hinge line. 
The ventral interarea is small apsacline, and has a strongly curved beak. The 
beak is strongly incurved. The sulcus is strongly indented and deepens near 
the anterior end. The fold is well-defined by plications. External 
ornamentation is coarser than Uchtospirifer species 1, and not as well-
preserved. Dental lamellae are long, parallel, and inside the sulcus. 
Measurements.-Table 23. 
Discussion.-Heart-shaped dorsal valve and incurved beak differentiates this 
species form Uchtospirifer sp. 1. 
Table 23-Dimensions of  Uchtospirifer sp. 2 in millimeters. 
Specimen  Length  Width  Height  
SHp-a-1  21  27  20  
SHp-a-2  18*  27  17  124 
CONCLUSIONS  
1. The West Range Limestone was deposited from the Middle crepida 
Zone to the Upper rhomboidea Zone or Lower marginifera Zone. The lower 
member of the Pilot Shale was first deposited over the West Range 
Limestone in the Upper rhomboidea Zone in the north and Lower marginifera 
Zone in the south. The contact between the West Range Limestone and Pilot 
Shale is a gradual contact and deposition was continuous in the Pilot Basin. 
2. The lower Pilot Shale is present at all measured sections with the 
possible exception of Fox Mountain and Gap Mountain. The middle and 
upper members of the Pilot Shale are separated from each other and the 
lower Pilot Shale by unconformities. The middle member of the Pilot Shale is 
present at Alamo, Bactrian Mountain, and possibly at Fox Mountain and Gap 
Mountain. The Mississippian upper member of the Pilot Shale is present at 
Bactrian Mountain, Alamo, Fox Mountain, and Gap Mountain and is cut out 
by unconformities at Coyote Spring, Sidehill Pass and Dutch John Mountain. 
3. Three distinct brachiopod communities are recognized in the West 
Range Limestone and Pilot Shale: the  Cyrtospirifer dutchjohnense-
Procerispirifer keleticus Community, the Crinisarina reticulata Community, 
and the Syringothyris Community. 
4. Twenty-three species of brachiopods are recognized from the West 
Range Limestone and Pilot Shale, including 10 new species and 1 new 
genus. Twelve from the Cd-Pk Community, six from the Crinisarina reticulata 
Community and five from the Syringothyris Community. 125 
5. The West Range Limestone represents a deepening event in the 
Pilot Basin. The depositional environment gradual deepened from the Middle 
crepida Zone to the Lower marginifera Zone. This is represented by the 
lithofacies and fossils of the West Range Limestone. Subtle changes in the 
lithofacies of the West Range Limestone including a gradual change from a 
silty-sandy limestone to an argillaceous limestone and the deposition of the 
Pilot Shale over the West Range Limestone reflect this deepening event. The 
change from a shallow water wolskae conodont biofacies in the lower West 
Range Limestone to a Palmatolepis biofacies reflects this deepening event in 
the fossil record. 
6. The replacement of the Cd-Pk brachiopod community by the 
Crinisarina reticulata brachiopod community represents a relatively shallow 
water community being replaced by a deeper water community during this 
deepening event in the Pilot Basin. 126 
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APPENDIX-A  LOCATION MAPS AND PHOTOS  
Figure A.1. Photos of Alamo and Bactrian Mountain. Both photos show area 
where the section was measured. 
Top photo is of Alamo looking west from the start of the measured 
section. View is of east side of Pahranagat Range with Joana Limestone, 
upper, middle, and lower Pilot Shale, and West Range Limestone visible. 
Bottom photo was taken looking north form dirt road south of Bactrian 
Mountain. View is of southern side of Bactrian Mountain with the Guilmette 
Formation, West Range Limestone, lower, middle, and upper Pilot Shale, 
and Joana Limestone visible. 132  133 
Figure A.2. Photos of Fox Mountain and Coyote Spring. Photos show area 
where the section was measured. 
Top Photo is of the Fox Mountain section looking west near the 
boundary of the peritidal facies of the Guilmette Formation and the West 
Range Limestone. View is of the east side of hill with Joana Limestone, 
upper Pilot Shale, and West Range Limestone. Dotted line represents 
approximate location of lowest bed of Mississippian upper Pilot Shale. The 
small space underneath dotted line and above solid line that marks the West 
Range Limestone boundary represents the interval where no conodonts 
were collected or conodont collections were unzonable. This interval is either 
upper Pilot Shale, lower and middle Pilot Shale or West Range Limestone. 
Bottom photo is of the Coyote Spring section looking southwest near 
the start of the section at the Guilmette Formation and West Range Limestone 
boundary. View is of northeast side of hill with Joana Limestone, lower Pilot 
Shale, and West Range Limestone. 134  135 
Figure A.3. Photos of Sidehill Pass and Dutch John Mountain. Photos show 
area where section was measured. 
Top photo is of the Sidehill Pass section looking north from the dirt 
road at Sidehill Pass. View is of south side of hill on the north side of Sidehill 
Pass with Joana Limestone, lower Pilot Shale, West Range Limestone, and 
the dolomite facies of the Guilmette Formation visible. 
Bottom photo is of Dutch John Mountain looking west near Highway 
93. View is of east side of Dutch John Mountain with Joana Limestone, Pilot 
Shale, West Range Limestone and the dolomite facies of the Guilmette 
Formation visible. The section was measured on the south wall of the valley 
visible on the right-hand side or north side of this photo. Dotted line 
represents the approximate boundary between the West Range Limestone 
and Pilot Shale, which is not clear on photo and partially covered at Dutch 
John Mountain. 136  W
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1 mile  Contour interval 10 meters 
Figure A.5. Map of Alamo measured section. Dark line on map shows 
location of measured section, circle indicates start of section. This is a 200% 
enlargement of an approximate 1 square mile area taken from the Hancock 
Summit Nevada quadrangle, U.S.G.S. 7.5 minute topographic map series. 
North is at top of page. 139 
1 mile  Contour interval 40 feet 
Figure A.6. Map of Bactrian Mountain measured section. Dark line on map 
shows location of measured section, circle indicates start of section. This is a 
200% enlargement of an approximate 1 square mile area taken from the 
Mount Irish SE quadrangle, U.S.G.S. 7.5 minute topographic map series. 
North is at top of page. 140 
1 mile  Contour interval 20 feet 
Figure A.7. Map of Fox Mountain measured section. Dark line on map shows 
location of measured section, circle indicates start of section. This is a 200% 
enlargement of an approximate 1 square mile area taken from the Timber 
Mtn Pass NE quadrangle, U.S.G.S. 7.5 minute topographic map series. North 
is at top of page. 141 
1 mile  Contour interval 20 feet 
Figure A.8. Map of Gap Mountain measured section. Dark line on map shows 
location of measured section, circle indicates start of section. This is a 200% 
enlargement of an approximate 1 square mile area taken from the Gap 
Mountain quadrangle, U.S.G.S. 7.5 minute topographic map series. North is 
at top of page. 142 
1 mile  Contour interval 20 feet 
Figure A.9. Map of Coyote Spring measured section. Dark line on map 
shows location of measured section, circle indicates start of section. This is a 
200% enlargement of an approximate 1 square mile area taken from the 
Coyote spring quadrangle, U.S.G.S. 7.5 minute topographic map series. 
North is at top of page. 143 
1 mile  Contour interval 40 feet 
Figure A.10. Map of Sidehill Pass measured section. Dark line on map 
shows location of measured section, circle indicates start of section. This is a 
200% enlargement of an approximate 1 square mile area taken from the 
Sidehill Pass quadrangle and the Sidehill Spring quadrangle, U.S.G.S. 7.5 
minute topographic map series. North is at top of page. 144 
Contour interval 40 feet 
Figure A.11. Map of Dutch John Mountain measured section. Dark line on 
map shows location of measured section, circle indicates start of section. 
This is a 200% enlargement of an approximate 1 square mile area taken 
from the Dutch John Mtn quadrangle, U.S.G.S. 7.5 minute topographic map 
series. North is at top of page. 145 
APPENDIX-B  CONODONT COLLECTIONS  
ALAMO SECTION 
AL-a  4 ft (1.2m) 
Icriodus cornutus 
Polygnathus sp. indet. 
AL-b1-2  8 ft (2.4m) 
Palmatolepis wolskae 
Pa. quadrantinodosalobata 
Pa. glabra pectinata? (1 indet. specimen) 
Pa. sp. indet. 
Polygnathus n. sp. cf. P. lodinensis 
Apatognathus sp. 
Mehlina? sp. 
The range reported in the literature for the first species is Middle 
to Upper crepida Zone [see report of June 28, 1993, sample BM 
3]. 
AL-c  9 ft (2.7m) 
Palmatolepis wolskae? (1 indet. juvenile 
specimen) 
Pa. quadrantinodosalobata 
Icriodus cornutus 
Apatognathus sp. 
AL-d1-2  11 ft (3.4m) 
Palmatolepis wolskae 
Pa. quadrantinodosalobata 
Polygnathus n. sp. cf. P. lodinensis 
Icriodus cf. I. cornutus 
Same analysis as b1-2. 146 
AL-g2 
AL-g20 
AL-h2 
102 ft (31.1m) 
Palmatolepis glabra pectinata 
Pa. subperlobata 
Pa. minuta minuta 
Pa. minuta>Pa. gracilis 
Pa. sp. indet. 
Polygnathus semicostatus 
P. brevilaminus 
P. sp. indet.  
Icriodus cornutus  
Icriodus sp. indet.  
Apatognathus sp.  
no lower than Upper crepida Zone, on the first species. 
109 ft (33.2m) 
Palmatolepis rhomboidea (abundant) 
Pa. glabra pectinata 
Pa. minuta-+Pa. gracilis 
Pa. klapperi? (1 fragmentary specimen) 
Pa. subperlobata 
Polygnathus semicostatus 
P. glaber glaber 
P. brevilaminus 
P. sp.  
Icriodus sp.  
Apatognathus sp.  
rhomboidea Zone [note discussion about the subdivision of this 
zone in report on BM samples]. 
137 ft (41.8m) 
Pa. rhomboidea (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. glabra prima 
Pa. subperlobata 
Pa. minuta *Pa. gracilis 
Polygnathus semicostatus 
P. nodocostatus group 
P. sp.  
"Spathognathodus" n. sp. A  
Icriodus sp.  
Apatognathus sp.  
rhomboidea Zone 147 
AL-i2  169 ft (51.5m) 
Palmatolepis glabra pectinata 
Pa. glabra acuta 
Pa. glabra prima 
Pa. rhomboidea 
Pa. subperlobata 
Pa. quadrantinodosa inflexa (1 specimen) 
Pa. minuta -*Pa. gracilis 
Polygnathus semicostatus 
P. nodocostatus group 
P. sp. 
Apatognathus sp. 
upper part of Upper rhomboidea Zone on the evidence of the 
lowest occurrence of Pa. quadrantinodosa inflexa. 
AL-j  179 ft (54.6m) 
Palmatolepis stoppeli 
Pa. glabra pectinata 
Pa. glabra prima 
Pa. glabra acuta 
Pa. subperlobata 
Polygnathus semicostatus 
P. sp. 
Apatognathus sp. 
upper part of Upper rhomboidea Zone, on evidence of the 
lowest occurrence of the first species listed. 
AL-WRL1  291 ft (88.7m) 
Pa. marginifera marginifera 
Pa. marginifera duplicata 
Pa. quadrantinodosa inflexa 
Pa. falcata 
Pa. glabra pectinata 
Pa. glabra acuta 
Polygnathus semicostatus 
P. nodocostatus group 
P. glaber glaber 
P. sp. 
Apatognathus sp. 
Lower marginifera Zone, on the combination of the first three 
taxa listed. 148 
AL-I (apparently not "1" as in letter)  359 ft (109.4m) 
Pa. marginifera duplicata? (1 indet. of 8/24/93) 
fragment) 
Pa. sp. indet. 
Polygnathus sp. indet. 
indet. ramiform elements 
Zonal identification uncertain. 
AL-o  702 ft (214m) 
Hindeodus [either H. crassidentatus or H. 
regularis] 2 specimens 
Polygnathus communis communis 
Bispathodus stabilis 
B. sp. 
Patrognathus sp. indet. [2 fragments] 
Lower Carboniferous, probably equivalent to the Kinderhookian 
in the midcontinent. 
BACTRIAN MOUNTAIN SECTION 
BM-2  7 ft (2.1m) 
Palmatolepis quadrantinodosalobata 
Palmatolepis sp. indet. 
Polygnathus n. sp. cf. P. lodinensis 
Icriodus cornutus 
Apatognathus sp. 
The known range of the first species is from the Upper 
triangularis Zone into the rhomboidea Zone. 
BM-3  16 ft (4.9m) 
Palmatolepis wolskae 
Pa. quadrantinodosalobata 
Pa. delicatula protorhomboidea 
Polygnathus n. sp. cf. P. lodinensis 
P. spp.  
Icriodus cornutus  
Apatognathus sp.  
Mehlina sp.  
Palmatolepis wolskae [often written as Pa. wolskajae in the 
literature = Pa. aff. Pa. circularis of Sandberg & Ziegler, 1973] is 
reported to range from the Middle to Upper crepida Zones at 
Bactrian Mountain (Sandberg & Ziegler, 1973, table 1). The 
third species listed occurs in the Middle crepida Zone at 
Bactrian Mt. (op. cit.). 149 
BM-2b  167 ft (51m) 
Palmatolepis rhomboidea 
Pa. klapperi (abundant) 
Pa. glabra pectinata 
Pa. glabra prima 
Pa. glabra acuta 
Pa. subperlobata 
Pa. m. minuta 
Pa. minuta>Pa. gracilis 
Polygnathus semicostatus 
P. subnormalis 
P. nodocostatus group 
P. glaber glaber 
Icriodus sp. 
"Spathognathodus" n. sp. A 
rhomboidea Zone. Presumably this represents the Lower 
rhomboidea Zone in the sense of Sandberg & Ziegler (1973), 
on the evidence of the abundant occurrence of the second 
species listed. However, it must be noted that the defining 
species of the Lower rhomboidea Zone, Pa. poolei, is absent in 
this section. 
BM-2c  171 ft (52.1m) 
Palmatolepis glabra pectinata 
Pa. rhomboidea 
Pa. klapperi (abundant) 
Pa. subperlobata 
Pa. minuta minuta 
Pa. minuta>Pa. gracilis 
Polygnathus semicostatus 
P. subnormalis 
P. nodocostatus group 
P. glaber glaber 
Icriodus sp. 
Apatognathus sp. 
"Spathognathodus" sp. 
rhomboidea Zone. Essentially the same fauna as B2b. 150 
BM-2e 
BM-2F  
175 ft (53.3m) 
Palmatolepis rhomboidea 
Pa. klapperi 
Pa. glabra pectinata 
Pa. glabra prima 
Pa. glabra acuta 
Pa. subperlobata 
Pa. minuta>Pa. gracilis 
Pa. minuta loba 
"Spathognathodus" sp. 
Polygnathus semicostatus 
176 ft (53.6m) 
Palmatolepis rhomboidea (abundant) 
Pa. klapperi (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. minuta minuta 
Pa. minutaPa. gracilis 
Pa. minuta loba 
Pa. subperlobata 
Polygnathus semicostatus 
P. nodocostatus group 
P. sp.  
Icriodus sp.  
Apatognathus sp.  
"Spathognathodus" sp.  
rhomboidea Zone. Presumably this sample represents the 
Upper rhomboidea Zone in the sense of Sandberg & Ziegler 
(1973, p. 100), although the danger in using acmes to define 
zones is brought out by the fact that both the first and the 
second species listed are relatively abundant compared with 
the rest of the fauna. 151 
BM-2H  182 ft (55.5m) 
Palmatolepis rhomboidea 
Pa. klapperi (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. subperlobata 
Pa. minuta minuta 
Pa. minuta-->Pa. gracilis 
Polygnathus semicostatus 
P. nodocostatus group 
Icriodus sp. 
Apatognathus sp. 
BM-2I  193 ft (58.8m) 
Palmatolepis rhomboidea (abundant) 
Pa. klapperi 
Pa. glabra pectinata 
Pa. glabra prima 
Pa. falcata? [1 specimen] 
Pa. subperlobata 
Pa. minuta minuta 
Pa. minuta>Pa. gracilis 
Polygnathus glaber glaber 
P. nodocostatus group 
P. sp.  
Apatognathus sp.  
"Spathognathodus" sp.  
rhomboidea Zone. Presumably this sample represents the 
Upper rhomboidea Zone in the sense of Sandberg & Ziegler 
(1973, p. 100). 
BM-2L  204 ft (62.2m) 
Pa. stoppeli 
Palmatolepis rhomboidea (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. subperlobata 
Pa. gracilis 
Pa. minuta minuta 
Polygnathus semicostatus 
P. sp. 
Apatognathus sp. 
rhomboidea Zone. This sample represents the Upper 
rhomboidea Zone in the sense of Sandberg & Ziegler (1973), 
on the evidence of the lowest occurrence of the first species. 152 
BM-3X  
CS-A 
CS-C 
CS-D 
255 ft (77.7m) 
Palmatolepis marginifera duplicata 
Pa. minuta minuta 
Pa. falcata [note that this is a senior synonym of 
Pa. glabra lepta, see Metzger, 1994, Jour. Pa leo. 
May] 
Pa. glabra pectinata 
Pa. spp. indet. 
Polygnathus semicostatus 
P. spp. indet.  
[the majority of specimens in this  
collection are too fragmentary for  
confident identification].  
The first species listed ranges from the Lower to the Upper 
marginifera Zones (Ziegler and Sandberg, 1984, fig. 2). 
COYOTE SPRINGS SECTION 
15 ft (4.5m) 
Icriodus iowaensis 
Polygnathus brevilaminus 
P. sp. indet. fragment 
Palmatolepis sp indet. fragment 
Apatognathus? sp. indet. 
Lower Famennian, not zonable. 
31 ft (9.4m) 
Palmatolepis cf. Pa. quadrantinodosalobata 
Mehlina sp. 
Apatognathus sp. 
not zonable [note that the first is not conspecific with the species 
to which it is compared]. 
43 ft (13.1m) 
Palmatolepis quadrantinodosalobata 
Pa. cf. Pa. regularis 
Pa. glabra pectinata 
Pa. glabra prima 
Polygnathus sp. 
Apatognathus sp. 
In the range from the Upper crepida Zone to the rhomboidea 
Zone, on the combination of the first four species. 153 
CS-I 
CS-K 
CS-P1 
CS-R 
CS-W 
53 ft (16.2m) 
Palmatolepis quadrantinodosalobata 
Pa. glabra prima? 
Mehlina sp. 
Apatognathus sp. 
56 ft (17.1m) 
Palmatolepis quadrantinodosalobata 
Pa. sp. A of Sandberg & Ziegler 1973 
Pa. sp. indet. fragment 
Polygnathus spp. 
Apatognathus sp. 
Palmatolepis sp. A has been reported from the Lower 
rhomboidea Zone at Bactrian Mountain (Sandberg & Ziegler, 
1973, Table 1). 
77 ft (23.5m) 
Palmatolepis quadrantinodosalobata 
Pa. subperlobata 
Pa. klapperi 
Pa. glabra prima 
Pa. glabra pectinata 
Pa. minuta--->Pa. gracilis  
Pa. adamantea Metzger 1994  
Polygnathus sp.  
Apatognathus sp.  
rhomboidea Zone. 
124 ft (37.8m) 
Palmatolepis quadrantinodosalobata 
Palmatolepis sp. indet. 
Polygnathus sp. indet. 
Apatognathus sp. 
165 ft (50.3m) 
Palmatolepis glabra pectinata 
Pa. glabra acuta 
Pa. klapperi (abundant) 
Palmatolepis 
quadrantinodosalobata 
Pa. minuta--->Pa. gracilis 
Polygnathus semicostatus 
P. sp. 
Apatognathus sp. 
rhomboidea Zone. 154 
CS-X  
CS-Y2 
CS-Z 
CS-C11(1) 
172 ft (52.4m) 
Palmatolepis glabra pectinata 
Pa. glabra prima 
Pa. minuta--->Pa. gracilis 
Polygnathus semicostatus 
P. nodocostatus group 
P. sp. 
"Spathognathodus" n. sp. A  
Icriodus sp.  
Apatognathus sp.  
182 ft (55.5m) 
Palmatolepis glabra pectinata 
Pa. subperlobata? 
Pa. gracilis 
Polygnathus semicostatus 
P. sp.  
Icriodus sp.  
Apatognathus sp.  
186 ft (56.7m) 
Palmatolepis glabra pectinata 
Pa. glabra prima 
Pa. kiapperi (abundant) 
Pa. gracilis 
"Spathognathodus" n. sp. A 
Polygnathus semicostatus 
P. spp.  
Icriodus sp.  
Apatognathus sp.  
rhomboidea Zone. 
216? ft (65.8m) 
Palmatolepis stoppeli (abundant) 
Pa. quadrantinodosa inflexa 
Pa. glabra pectinata 
Pa. gracilis 
Polygnathus semicostatus 
P. sp. 
"Spathognathodus" n. sp. A  
Icriodus sp.  
Apatognathus sp.  
upper part of Upper rhomboidea Zone, on the evidence of the 
lowest occurrence of the first species listed. 155 
CS-Fll 
CS-K11 
CS-LII 
CS-Nll 
243 ft (74.1m) 
Pa. marginifera marginifera 
Pa. quadrantinodosa 
quadrantinodosa 
Pa. quadrantinodosa inflexa 
Pa. glabra pectinata 
Pa. glabra prima 
"Spathognathodus" n. sp. A 
Polygnathus spp. 
Apatognathus sp. 
Lower marginifera Zone. 
279 ft (85m) 
Pa. marginifera marginifera 
Pa. quadrantinodosa 
quadrantinodosa 
Pa. quadrantinodosa inflexa 
Pa. glabra pectinata 
Polygnathus semicostatus 
Apatognathus sp. 
Lower marginifera Zone. 
291 ft (88.7m) 
Pa. marginifera marginifera 
Pa. quadrantinodosa 
quadrantinodosa 
Pa. quadrantinodosa inflexa 
Pa. glabra pectinata 
"Spathognathodus" n. sp. A 
Polylophodonta sp. 
Polygnathus spp. 
Apatognathus sp. 
Lower marginifera Zone. 
300 ft (91.4m) 
Pa. marginifera marginifera 
Pa. glabra pectinata 
Pa. sp. indet. (highly fragmentary) 
Polylophodonta sp. indet. 
Polygnathus spp. 
probably marginifera Zone. 156 
CS-CII(2)  307? ft (93.6m) 
Pa. glabra pectinata 
Pa. sp. indet. (highly fragmentary) 
Polylophodonta sp. indet. 
Polygnathus sp. indet. (highly fragmentary) 
CS-all  333 ft (101.5m) 
Pa. marginifera marginifera 
Pa. sp. indet. (highly fragmentary) 
Polygnathus sp. indet. 
probably marginifera Zone. 
WEST RANGE SECTION 
WR-B  6 ft (1.8m) 
Palmatolepis quadrantinodosalobata 
Polygnathus n. sp. cf. P. lodinensis 
P. sp. 
Apatognathus sp. 
Mehlina sp. 
Closely comparable and presumably correlative with collection 
BM-2. 
WR-i  Pilot Shale 
Palmatolepis quadrantinodosa inflexa 
Pa. glabra acuta 
Polygnathus glaber glaber 
Apatognathus sp. 
The range of the first species is from the uppermost part of the 
rhomboidea Zone to the top of the Lower marginifera Zone. 157 
FM-d 
FM-e 
FM-g 
FOX MOUNTAIN SECTION 
329 ft (100.3m) 
Palmatolepis rhomboidea (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. glabra prima 
Pa. subperlobata 
Pa. minuta-->Pa. gracilis 
Pa. sp. 
Polygnathus semicostatus 
P. glaber glaber 
P. sp.  
Icriodus sp.  
"Spathognathodus" sp.  
rhomboidea Zone. Presumably this represents the Upper 
rhomboidea Zone in the sense of Sandberg & Ziegler (1973), 
on the abundant occurrence of the nominal form. 
338 ft (103m) 
Palmatolepis rhomboidea (abundant) 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. glabra prima 
Pa. subperlobata 
Pa. minuta *Pa. gracilis 
Pa. minuta minuta 
Pa. sp. 
Polygnathus semicostatus 
P. nodocostatus group 
P. glaber glaber 
P. sp.  
Icriodus sp.  
Apatognathus sp.  
"Spathognathodus" sp.  
essentially the same fauna as FM-d 
357 ft (108.8m) 
Pa. rhomboidea? [indet. juveniles] 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. sp. indet. 
Polygnathus sp. indet. 
Apatognathus sp. 
collection is not zonable 158 
FM-FF 
FM-EE 
FM-GG 
FM-H 
360 ft (109.7m) 
Palmatolepis rhomboidea 
Pa. minuta-4Pa. gracilis 
Pa. sp. indet. fragments 
indet. ramiform elements and 
Palmatolepis Pb elements 
366 ft (111.6m) 
Palmatolepis rhomboidea 
Pa. quadrantinodosa inflexa? [1 fragment] 
Pa. subperlobata 
Pa. glabra pectinata  
Pa. minuta-->Pa. gracilis  
Polygnathus sp.  
Apatognathus sp.  
Pelekysgnathus sp. (incl. coniform elements)  
"Spathognathodus" sp. indet.  
On evidence of this list alone, the suggestion is the rhomboidea 
Zone. Considering superposition above samples d and e 
(report of June 28, 1993), this is probably in the Upper 
rhomboidea Zone. 
370 ft (112.8m) 
Palmatolepis glabra pectinata 
Pa. minuta>Pa. gracilis 
Pa. rhomboidea? [1 fragment] 
indet. ramiform elements 
zonal determination not possible 
377 ft (114.9m) 
Siphonodella sulcata 
Polygnathus c. communis 
Bispathodus anteposicornis 
B. sp. 
Pelekysgnathus inclinatus 
indet. ramiform elements 
Lower Carboniferous, sulcata Zone 159 
FM-II  395 ft (120.4m) 
GAP-A  
Siphonodella obsoleta 
S. cf. S. isosticha 
S. quadruplicata 
S. sp. indet. fragments 
Pseudopolygnathus primus 
Polygnathus inornatus 
P. longiposticus 
P. communis communis 
*  * * 
Palmatolepis rugosa rugosa 
Pa. marginifera marginifera 
Pa. glabra pectinata 
Pa. distorta 
Pa. falcata 
Pa. gracilis expansa 
Pa. gracilis sigmoidalis 
Pa. perlobata postera 
Hemilistrona sp. 
Polygnathus sp. 
Bispathodus stabilis 
B. jugosus 
B. costatus 
Branmehla inornata 
The first group of species [listed above the asterisks] indicates a 
Lower Carboniferous identification, upper Kinderhookian in 
terms of the U.S. midcontinent sequence. The second group of 
species are evidently reworked, from a number of levels within 
the Famennian. 
GAP MOUNTAIN SECTION 
32 ft (9.8m) 
Palmatolepis wolskae 
Polygnathus sp. 
Pelekysgnathus sp. indet. [1 fragment + coniforms] 
As noted in previous reports, the range of Pa. wolskae is from 
the Middle to Upper crepida Zones. 160 
GAP-B  183 ft (55.8m) 
Siphonodella obsoleta 
S. cooperi 
S. quadruplicata 
S. sp. indet. [fragments] 
Pseudopolygnathus primus 
Polygnathus inornatus 
P. communis communis 
Palmatolepis rugosa rugosa 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. distorta 
Pa. gracilis sigmoidalis 
Bispathodus spp. 
Polygnathus perplexus 
P. semicostatus 
P. nodocostatus group 
Pelekysgnathus sp. 
Branmehla inornata 
The first group of species [listed above the asterisks] indicates a 
Lower Carboniferous identification, upper Kinderhookian in 
terms of the U.S. midcontinent sequence. The second group of 
species are evidently reworked, primarily from various levels in 
the Famennian. 
SIDEHILL PASS SECTION 
SHP-a  19 ft (5.8m) 
Polygnathus nodocostatus group 
Pelekysgnathus planus 
Icriodus cornutus 
Apatognathus sp. 
Famennian, not zonable 
SHP-b  23 ft (7m) 
2 indet. fragments 
SHP-c  30 ft (9.1m) 
Polygnathus spp. 
Palmatolepis sp. indet. (2 specimens) 
Icriodus cornutus? 
Apatognathus sp. 
Mehlina? sp. 161 
SHP-d 
SHP-d2 
SHP-e 
SHP-f 
SHP-f+ 
34 ft (10.4m) 
Palmatolepis wolskae (3 specimens) 
Polygnathus nodocostatus group (fragments) 
Polygnathus sp. indet. 
Icriodus iowaensis 
Pelekysgnathus planus 
Apatognathus sp. 
Palmatolepis wolskae is reported to range from the Middle to 
Upper crepida Zones at Bactrian Mountain (Sandberg & 
Ziegler, 1973, table 1, listed as Pa. aff. Pa. circularis). 
42 ft (12.8m) 
Palmatolepis sp. indet. 
Polygnathus sp. indet. 
Mehlina sp. 
43 ft (13.1m) 
Palmatolepis wolskae (2 specimens) 
Polygnathus spp. (2 specimens, 1 in P. 
nodocostatus group) 
Pelekysgnathus planus 
44 ft (13.4m) 
Palmatolepis wolskae (relatively abundant) 
Polygnathus sp. 
P. n. sp. cf. P. lodinensis 
Icriodus n. sp. 
Apatognathus sp. 
Same zonal range as sample d. 
47 ft (14.3m) 
Palmatolepis wolskae 
Polygnathus nodocostatus group 
P. spp.  
Icriodus n. sp.  
Apatognathus sp.  
48 ft (14.6m) 
Palmatolepis sp. indet. [a juvenile, 
possibly related to Pa. crepida] 
indet. ramiform elements 
indet. coniform elements 162 
SHP-g  56 ft (17.1m) 
Palmatolepis wolskae (abundant) 
Palmatolepis sp. indet. 
Polygnathus n. sp. cf. P. lodinensis 
Polygnathus sp. 
Icriodus n. sp. 
Apatognathus sp. 
SHP-h  58 ft (17.7m) 
Palmatolepis wolskae 
indet. ramiform elements 
Same zonal range as sample d. 
SHP-i  177 ft (53.9m) 
Palmatolepis glabra prima 
Pa. quadrantinodosalobata 
Pa. poolei 
Pa. subperlobata 
Pa. cf. Pa. regularis (late form) 
Pa. minuta minuta 
Pa. minuta>Pa. gracilis? 
Polygnathus nodocostatus group 
P. glaber glaber 
P. sp.  
Mehlina sp.  
Apatognathus sp.  
Lower rhomboidea Zone, on the reported range of Pa. poolei. 
SHP-j  197 ft (60m) 
Palmatolepis glabra prima 
Pa. glabra pectinata 
Pa. poolei 
Pa. quadrantinodosalobata 
Pa. subperlobata 
Pa. minuta minuta 
Polygnathus spp. 
P. glaber glaber 
Mehlina sp. 
Apatognathus sp. 
Lower rhomboidea Zone 163 
SHP-k 
SHP-I 
SHP-n 
SHP-m 
SHP -O 
203 ft (61.9m) 
indet. ramiform element - 1 
The following three samples are extremely poorly preserved, 
making identifications questionable. 
233 ft (71m) 
Palmatolepis glabra pectinata 
Pa. sp. indet. 
Polygnathus semicostatus 
P. sp.  
Icriodus sp. indet.  
233 ft (71m) 
Palmatolepis glabra pectinata 
Pa. klapperi 
Pa. sp. indet. 
Polygnathus semicostatus 
P. sp. indet.  
Icriodus sp. indet.  
Apatognathus sp.  
possibly rhomboidea Zone, on the second species, which 
however is known to range into the Lower marginifera Zone. 
235 ft (71.6m) 
Palmatolepis glabra pectinata 
Pa. klapperi? 
Pa. sp. indet. 
Polygnathus semicostatus 
P. nodocostatus group 
P. sp. indet. 
Icriodus sp. indet. 
zonally indeterminate. 
300 ft (91.4m) 
Palmatolepis glabra pectinata 
Pa. rhomboidea 
Pa. quadrantinodosa inflexa 
Polygnathus semicostatus 
P. nodocostatus group 
P. perplexus? 
Apatognathus sp. 
upper part of Upper rhomboidea Zone on the evidence of the 
lowest occurrence of Pa. quadrantinodosa inflexa and 
superposition above the samples (report of March 3). 164 
SHP-P  306 ft (93.3m) 
Palmatolepis glabra pectinata 
Pa. glabra acuta 
Pa. rhomboidea 
Pa. sp. indet. 
Polygnathus sp. indet. 
SHP-Q  309 ft (94.2m) 
Pa. stoppeli 
Pa. quadrantinodosa inflexa 
Pa. rhomboidea 
Pa. glabra pectinata 
Pa. glabra acuta 
Pa. schindewolfi 
Polygnathus semicostatus 
P. perplexus? 
Apatognathus sp. 
Icriodus sp. 
upper part of Upper rhomboidea Zone, on the evidence of the 
lowest occurrence of Pa. stoppeli. 
DUTCH JOHN MOUNTAIN SECTION 
DJM-RG-01 20 ft (6.1m) 
indet. ramiform elements 
DJM-A  60 ft (18.3m) 
Polygnathus brevilaminus 
P. sp. cf. P. brevilaminus 
Icriodus iowaensis 
Apatognathus sp. 
Lower Famennian. The collection, as well as D-H, is not 
zonable. 
DJM-D  72 ft (21.9m) 
Polygnathus brevilaminus 
Icriodus sp. indet. 
Apatognathus sp. 
Mehlina sp. 165 
DJM-E  73 ft (22.3m) 
DJM-F 
DJM-G 
DJM-H 
DJM-I 
DJM-ii 
DJM-J 
Polygnathus brevilaminus  
Icriodus iowaensis  
Apatognathus sp.  
Mehlina sp.  
75 ft (22.9m) 
Same four species as E 
Polygnathus sp. cf. P. brevilaminus 
77 ft (23.5) 
Palmatolepis sp. indet. [1 fragment] 
Polygnathus brevilmaninus 
P. nodocostatus group? 
Icriodus iowaensis 
Apatognathus sp. 
99 ft (30.2m) 
Polygnathus brevilaminus 
P. sp. indet.  
Pelekysgnathus sp.  
Icriodus iowaensis  
Apatognathus sp.  
Mehlina sp.  
110 ft (33.5m) 
Palmatolepis quadrantinodosalobata 
Polygnathus brevilaminus 
P. sp. indet. 
The known range of the first species is from the Upper 
triangularis Zone into the rhomboidea Zone. 
126 ft (38.4m) 
Palmatolepis wolskae? [1 fragment] 
Polygnathus sp. [1] 
Pelekysgnathus sp. indet. 
[1 fragment + coniforms] 
indet. ramiform elements 
indet. coniform elements 
zonal determination not possible 
134 ft (40.8m) 
Palmatolepis wolskae 
Polygnathus sp. indet. 
Palmatolepis wolskae [= Pa. aff. Pa. circularis of Sandberg & 
Ziegler, 1973] is reported to range from the Middle to Upper 166 
crepida Zones at Bactrian Mountain (Sandberg & Ziegler, 1973, 
table 1). 167 
APPENDIX C  PLATES  
Plate C.1. Schizophoria sp. and Floweria magnacicatrix 
Figure  Page 
1-5.  Schizophoria sp. 
Ventral, dorsal, side, anterior, and posterior views
specimen from collection BM-3. 
71 
, x3.4, figured 
6-13. Floweria magnacicatrix  74 
6-9, Ventral view, x2, anterior view, x2.5, posterior and dorsal views,  
x2, figured specimen from collection DJM-j.  
10-13, Ventral and dorsal views, x2, side view, x1.7, anterior view, x2,  
figured specimen form collection SHP-h.  168 
5 
7 
6 8 
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13  169 
Plate C.2. Douvillina? sp. and Dichacaenia? sp. 
Fiaure  Page 
1-5.  Douvillina? sp. 
Ventral, side, dorsal, anterior, and posterior views, x2.3, figured 
specimen from collection AL-b. 
73 
6-10.
6, Ventral view, x1.5, figured specimen form collection SHP-g. 
7, Ventral view, x0.9, figured specimen from collection SHP-d2. 
8-10, Ventral, dorsal, and posterior views, x1.5, figured specimen 
from SHP-g. 
Dichacaenia? sp.  77 5 
170  171 
Plate C.3. Ptychomaletoechia sp. cf. P. contractiformis, P. sp. (short form), 
and P. summa 
Figure  Page 
1-5.  Ptychomaletoechia sp. cf. P. contractiformis 
Ventral, side, dorsal, anterior, and posterior views, x3.4, figured 
specimen form collection SHP-d. 
78 
6-10.
Ventral, anterior, side, posterior, and dorsal views, x3, figured 
specimen is from collection CS-y. 
Ptychomaletoechia summa  83 
11-15. Ptychomaletoechia sp. (flat form) 
Ventral, dorsal, anterior, side, and posterior views, x3.3, figured 
specimen from collection SHP-e. 
80 172  173 
Plate C.4. Ptychomaletoechia sp. (elongate form) and Uchtospirifer sp. 1 
Figure  Page 
1-5.  Ptychomaletoechia sp. (elongate form) 
Ventral, dorsal, anterior, side, and posterior views, x2.3, figured 
specimen from collection SHP-e. 
80 
6-10.  Uchtospirifer sp. 1 
Ventral, dorsal, side, anterior, and posterior views, x2, figured 
specimen from collection AL-b. 
105 174  175 
Plate C.5. Crinisarina angelicoides and Crinisarina reticulata 
Figure  Page 
1-5.  Crinisarina reticulate 
Ventral, side, dorsal, anterior, and posterior views
specimen from collection BM-k. 
, x3.3, figured 
87 
6-15. Crinisarina angelicoides  86 
6-10, Ventral, anterior, dorsal, posterior, and side views, x2, figured  
specimen from collection SHP-g.  
11-15, Ventral, dorsal, anterior, side, and posterior views, x2.5, figured  
specimen from collection AL-b.  176 
1 
Hate C.5 177 
Plate C.6. Cyrtospirifer dutchjohnense 
Figure	  Page 
1-10.	  Cyrtospirifer dutchjohnense new species  90 
1-5, Ventral, dorsal, side, anterior, and posterior views, x2.3, figured 
specimen has larger than normal sulcus and is from collection 
DJM-g. 
6-10, Ventral, side, dorsal, anterior, and posterior views of a smaller 
individual, x3.3, figured specimen is from collection DJM-g. 178  179 
Plate C.7. Cyrtospirifer? sp. and Cyrtospirifer sp. 
Figure  g 
1-5.  Cyrtospirifer? sp. 
Ventral, dorsal, side, anterior, and posterior views, x3, figured 
specimen from collection CS-y. 
93 
6-10. Cyrtospirifer sp. 
Ventral, side, dorsal, anterior, and posterior views, x2.5, figured 
specimen from collection CS-rill. 
92 180  181 
Plate C.8.  Procerispirifer keleticus (short form) 
Figure	  xt 
1-10.	  Procerispirifer keleticus (flat form)  95 
1-5, Ventral, side, dorsal, anterior, and posterior views, x2.2, figured 
specimen from collection SHP-g. 
6-10, Posterior, ventral, and dorsal views, x2, anterior and side views, 
x3.3, figured specimen from AL-b. 182  183 
Plate C.9. Procerispirifer pahranagatense and  
Procerispirifer keleticus (elongate form)  
Figure	  Page 
1-8.	  Procerispirifer pahranagatense  100 
1-5, Ventral, side, dorsal, anterior and posterior views, x2.5, figured 
specimen from SHP-n. 
6-8, Posterior, ventral and dorsal views of mucronated individual, 
x3.4, figured specimen from BM-b. 
9-13. Procerispirifer Keleticus (elongate form)  98 
Ventral, side, and dorsal views, x1.8, anterior and posterior views, 
x2, figured specimen from SHP-e. 184  185 
Plate C.10. Procerispirifer coyotespringense and Uchtospirifer sp. 2 
Figure  M 
1-10.  Procerispirifer coyotespringense new species  103 
1-5, Ventral, side, dorsal, anterior, and posterior views, x2.4, 
figured specimen from collection AL-b. 
6-8, Anterior, dorsal and posterior views, x2.5, figured specimen 
from collection CS-e. 
9-10, Ventral and dorsal views, x1.9, figured specimen from 
collection AL-b. 
11-14. Uchtospirifer sp. 2 new species  112 
Ventral, posterior, dorsal, and side views, x2.0, figured specimen 
from collection SHP-a. 186  